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Further Studies of the Cardiodynamics of Experimental 
Intraventricular Communications 


By Joun G. Hawzey, M.D., Ropert C. Lirrie, M.D., Anp Haro.p Fein, M.D. 


This communication deals with the altered ventricular dynamics occasioned by temporary opening 
of a large artificial interventricular shunt. Since the left ventricular discharge into the right ventricle 
begins some time after ejection of blood into the aorta, the left ventricle assists the right in propelling 
larger quantities of blood through the pulmonary circuit. This late systolic flow through a shunt 
causes characteristic deformations of central arterial pressure pulses and a midsystolie murmur simi- 


lar to those observed in several clinical cases. 


HILE considerable progress has been 

made in the understanding of abnor- 

mal circulatory and respiratory states 
resulting from congenital cardiac defects, 
knowledge of the basic changes of cardiac be- 
havior is still rather meager. A start in evalu- 
ating the compensatory mechanisms brought 
about by interventricular septal defects was 
made by Dillon and Schreiber.' Through analy- 
sis of pressure pulses recorded from the right 
and left ventricles, inferences were drawn re- 
garding the important roles that the right ven- 
tricle plays both in increasing the return to the 
left heart and in reducing the leak through the 
interventricular defect by a rise of the right 
ventricular systolic pressure. 

This study was undertaken to confirm their 
conclusions by use of methods which inter- 
fered less with the normal action of the ven- 
tricles and to extend their observations by 
analyzing more in detail how the left ventricle 
operates in the presence of an interventricular 
communication. For this purpose an external 
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shunt that could be opened and closed at will 
was established as described by Dillon and 
Schreiber.! However, the shunt was not fixed 
by the rigid clamps necessary for registration 
of ventricular pressures in their experiments. 
Hence, a more normal state of cardiac con- 
traction could be maintained and leakage of 
blood around the cannulae, with subsequent 
need for repeated transfusion of blood, was 
avoided. Simultaneously recorded pressure 
pulses from the pulmonary artery and aorta 
were studied to provide information regarding 
modification of the ejection processes by the 
two ventricles. Right and left atrial pressure 
recordings were used to evaluate changes in 
filling and tension on the two sides and the 
effect of the increased volume of flow on the 
pulmonary vasculature. 


METHODS 


Dogs anesthetized with morphine and barbital, 
weighing 13.5 to 18 Kg., were given artificial respira- 
tion by tracheal cannula after the chest was opened 
by a sternum-splitting procedure. Rigid cannulae 
were inserted into (1) the ascending aorta via the 
left carotid artery, (2) the pulmonary artery bi- 
fureation via small branches to either left or right 
upper lobes, and in a few instances (3) the right 
atrium via the right external jugular vein, and (4) 
the left atrium via a right upper lobe branch of the 
pulmonary vein. The incised pericardium was su- 
tured to the chest wall, making a cradle for the 
heart without embarrassing venous return. Heparin, 
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5.0 mg.,* was injected intravenously. Previously 
described! L-shaped cannulae 6 to 7 mm. in diameter 
were inserted through the left and right ventricular 
myocardium after a scissors incision made by punc- 
ture and then spreading the blades. The free ends 
of the cannulae were connected by short, 7 mm. in 
diameter, rubber tubing clamped by a hemostat. 

All pressures were recorded by modified Gregg 
optical manometers. To avoid artifacts of pulmo- 
nary inflation the lungs were maintained ina position 
of expiration for a brief period when records were 
taken. After control records demonstrating satisfac- 
tory contours had been obtained, the shunt was 
opened for varying lengths of time. 

Since the magnitude of flow through the artificial 
shunt necessarily varied in different experiments, 
it seemed important to establish that it could equal 
that calculated in clinical cases. For this purpose a 
supplementary experiment was performed in which 
right and left ventricular outputs were determined 
by the Fick method as modified by Brannon et al.* 
Duplicate blood samples were secured from the 


TaBLE 1—Minute Volumes (cc./min.) 


Pulmo- 


Blood Sample nary Ar-| Aorta peeetes 
tery ood 
Control 1 1100 | 1100 0 
2 992 992 0 


Shunt open 1 (open3 min.) | 2243 | 1002 | 1241 
2(open5min.) 1651 | 757 | 849 
Shunt closed 1 1043 | 1043 0 

2 946 946 0 


right atrium, pulmonary artery, and femoral artery, 
and oxygen content was calculated from duplicate 
analyses, using the Scholander technic.* Oxygen 
consumption was measured by the positive pressure 
spirometer described by Harris.‘ The data in table 
1 show that three minutes after opening the shunt 
the aortic ejection volume was near control levels 
but had declined somewhat by the fifth minute. 
The data also show 55.3 per cent and 54.1 per cent 
of the left ventricular minute volume was expelled 
through the shunt rather than into the aorta, i.e., 
the pulmonary volume flow was more than double 
the aortic ejection. 


RESULTS 


Successful experimental conditions were rea- 
lized in 7 dogs with twenty-one records worthy 
of analysis. By this is meant that the aortic 
pressure curves had good forms characteristic 


* Heparin used in these experiments was supplied 
in part by the Upjohn Company, Kalamazoo, Mich. 


of normal systolic discharge and resistance to 
ejection, and that the systolic pressures were 
within normal ranges. 

Nearly all records were free of artifacts, such 
as extrasystoles or vibrations caused by manip- 
ulation of the shunt, thus permitting the im- 
mediate changes following opening and closing 
of the shunt to be studied in detail. Opening 
and closing the hemostat on the connecting 
rubber tubing was found to exert no significant 
influence per se since the volume change was 
not more than 0.3 ce. 

Typical effects of opening and closing the 
shunt on the aortic and pulmonary arterial 
pressure pulses are shown in figure 1. Aortic 
pressures, including pulse pressure, rapidly fell 
initially in all experiments when the shunt 
was opened; the reverse occurred in the pul- 
monary artery. In time, the aortic pulse pres- 
sure increased to a variable extent, and the 
curve either stabilized at a lower than control 
level (fig. 1, B), or more frequently began to 
rise to and even above control values. The 
average initial fall of aortic pressures was 16.4/ 
13.4 mm. Hg; the average rise of the pul- 
monary artery pressures was 6.3/3.5 mm. Hg. 
Closure of the shunt caused aortic pressures to 
reach values as great or greater than control 
values, invariably higher than the levels just 
before closing. The pulmonary artery pressure 
pulse always resumed control levels within a 
few beats. 

Figure 1 also illustrates the marked changes 
in contour of the aortic and pulmonary artery 
pressure pulses following the opening of the 
shunt. The first aortic pressure pulse following 
opening of the shunt shows a normal early 
systolic rise; however, the peak pressure is not 
sustained and pressure falls sharply to the in- 
cisural notch. The next aortic pulse shows the 
same systolic collapse; however, the early sys- 
tolic rise is slow and resembles that found in 
adynamic hearts. Within a few beats when the 
aortic pressure becomes stabilized at a lower 
than control level, the slope of the early ejec- 
tion phase has returned to control values. This 
is shown in figure 1, B. The sloping of the 
curve toward the incisura remains and is a con- 
stant feature of pulses recorded from the arch 
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«! the aorta when the shunt is open. The sig- 
uificance of these changes will be discussed 
Inter. 

he first pulmonary pressure pulse following 
opening of the shunt shows a normal early rise 
o! pressure, but the peak pressure is reached 
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series of coarse vibrations near or on the sum- 
mit (M). These vibrations undoubtedly repre- 
sent the audible murmur produced by the tur- 
bulent flow through the shunt and are best 
seen in the first beat of figure 1, B. The sig- 
nificance of these jogs and murmurs is that 
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Fic. 1—Sections of a continuous record. A, opening the shunt; B, two seconds later; C, closing the 
shunt; D, three seconds later. (1) Time .02 second; (2 and 3) pulmonary artery base line and pressure 
pulse; (4 and 5) aortic pressure pulse and base line. + secondary rise of pressure. M, murmur. 


025 second later than in the preceding beat 
an is sustained until the onset of the incisural 
noich. The contour compared to control beats 
is noticeably changed just before attaining the 
peak pressure when a secondary small but 
Sivep rise occurs, and the normal sloping off 
from the peak pressure to the incisural notch 
is absent. Succeeding pressure pulses show a 





they mark the time of maximum turbulent 
flow through the shunt. 

Frequently the aortic pressures returned to 
or above control values while the shunt was 
open. Such overcompensation was a temporary 
phenomenon, being usually observed fifteen sec- 
onds after the shunt was opened, but not pres- 
ent fifteen seconds later. It was 


always 
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accompanied by an increased pulmonary artery 
pressure. 

During several experiments, optical records 
were taken of pressures within the right and 
left atria, particular attention being paid to 
the instantaneous pressures at the onset of 
ventricular filling, the so-called ‘“V’ point 
values.® The “V” point occurs on the pressure 
pulse just before the second heart sound, while 
the A-V valves are still closed, and thus in- 
dicate the instantaneous pressure in the atria 
while they are not contracting or in commun- 
ication with the ventricles.* Either an increased 








Fic. 2.—Effect of opening shunt on left atrial 
pressure. (1 and 2) left atrial base line and pressure 
pulse; (3 and 4) aortic pressure pulse and base line; 
(5) time .02 second. Further discussion in text. 


flow of blood into the atria or a decreased out- 
flow will cause the instantaneous pressures to 
increase. Opening and closing the shunt had 
little effect on the right atrial pressures; the 
“V” point values rose erratically from 2 to 8 
mm. of saline. The left atrial curves showed 
much more striking and consistent changes. 
Figure 2 shows the directional changes in the 
Jeft atrial pressure pulse on opening the shunt, 
and figure 3 shows diagrams of the ‘‘V”’ point 
ralues as altered by opening and closing the 
shunt. The “V” point begins to rise coincident 
with the first systole after opening the shunt, 
indicating that an increase of flow into the left 
atrium begins with this initial beat. A sustained 
rise of about 30 mm. saline is reached within 


eight beats. On closing the shunt a temporary 
rise occurs for two beats, apparently due to 
resistance to flow into the left ventricle which 
suddenly has to expel its stroke volume through 
one instead of two orifices. Thereafter the pres- 
sure declines. 

Clinical Correlations. In animal experiments 
of this sort it is always desirable to determine 
how far results of experimental lesions in ani- 
mals are comparable to those which exist in 
patients. In both, the magnitude of the shunt 
flow will naturally vary, for it depends on the 
dynamic balances of pressures as well as on the 
size of the canal. Although comparisons are 
difficult, it is a fair conclusion that the shunt 
flows created in our experiments—nearly 50 





Fic. 3.—Effect of opening and closing shunt on 
left atrial ““V’’ point values. Each dot represents one 
beat. 


per cent of the left ventricular stroke volume 
in one test—equaled those present in most con- 
genital septal defects. 

Although human interventricular septal de- 
fects are usually of congenital origin, they also 
occur as a result of perforation of a septal 
myocardial infarct’:* or traumatic rupture.® 
Indeed, in these two acquired conditions, if 
the defect were to develop with sufficient size 
and speed, the cardiodynamics would be very 
similar to opening the experimental shunt. 
Clinical reports of perforation of septal infarct 
have emphasized the acute onset of dyspnea’ 
and lowered blood pressure® coincident with 
the manifestation of a systolic murmur. The 
dyspnea, judging from our experiments, may 
be due in part to active congestion of the lungs 
brought about by the increased pulmonary 
flow before left. ventricular compensation takes 
place. Since these patients routinely have hy- 
pertensive vascular disease and coronary 
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atherosclerosis, left ventricular compensation 
is often incomplete, leading to passive pul- 
monary congestion. 


Me 


hic. 4.—Diagrams of aortic pressure pulses and 
of phonoecardiogram. A, normal aortic pressure pulse ; 
B, aortic pressure pulse after shunt is opened; C, 
phonocardiogram showing heart sounds (1 and 2) and 
systolic murmur (M). 
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Fic. 5. 


B and C, phonocardiograms of murmur. 


(wo additional ways suggest themselves of 
comparing our data from temporary experi- 
tuental lesions with those in patients, applying 

ually well to congenital and acquired lesions. 
hese are (1) the timing of the murmur caused 
‘vy the shunted blood and, (2) the alteration 





‘Records from clinical cases of interventricular septal defects. A 


of the central artery pressure pulse contour. 
Experimentally, analysis of photographically 
= pulmonary artery pressure pulses re- 
als a murmur during the latter half of sys- 
ha which, if it were recorded phonocardio- 
graphically, would appear as in figure 4, C. 
The central artery pulse shows a rapid rise to 
a summit and a late systolic decline (fig. 4, B) 
instead of the normal typical contour (A). 

A review of the clinical literature reveals a 
divergence of opinion as to the time of the 
murmur during systole. Some authors, on the 
basis of clinical impression,'® state that the 
murmur occurs after the first sound or even 
in midsystole.'!' However, others” state that it 
is coincident with the first heart sound. Levine 
and Harvey" have recently described the mur- 
mur as systolic in time, but a review of their 
phonocardiograms shows the murmur to be 


{ 


, subclavian pressure pulse; 


most intense at mid- or in late systole. Phono- 
-ardiograms by other authors are unsatisfac- 
tory. 

Examination of a limited number of heart 
sounds taken routinely at Lakeside Hospital 


by one of us (H. F.) revealed a midsystolic 
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placement of the murmur in 4 cases, as illus- 
trated in figure 5, B and C. Also, subclavian 
pulses recorded from one of the patients with 
proper technic (fig. 5, A) displayed a wave 
form similar to that obtained from the aorta 
in our experiments. We realize that a larger 
number of observations are required before it 
‘an be decided that all types and locations of 
human septal defects duplicate the dynamic 
conditions which produced — experi- 
mentally. However, the few similar clinical 
data available suffice to formulate a tentative 
concept of how the ventricles adapt themselves 
to an interventricular shunt and thus not in- 
frequently maintain a reasonably efficient. cir- 
culation over a period of many years. 


were 


DiscUssION OF THE DyNAMICs OF 
INTERVENTRICULAR SHUNTS 


On opening an interventricular shunt, a con- 
siderable fraction of the left ventricular stroke 
volume passes into the right ventricle instead 
of being expelled into the aorta. This shunted 
volume added to the normal venous return 
immediately augments the volume ejected from 
the right ventricle into the lungs. The in- 
creased pulmonary flow passes into the left 
heart, enabling the left ventricle to increase its 
stroke volume and to eject greater volumes of 
blood into the aorta and right ventricle com- 
bined. The dynamic mechanisms whereby 
larger volumes are delivered by the right heart 
to the left so that the latter in turn can eject 
larger stroke volumes through divided circuits 
can be deduced from our experiments. We have 
shown that when a shunt is established be- 
tween the right and left ventricles the imme- 
diate effect consists of a fall in aortic and a rise 
of pulmonary arterial pressures. Even when as 
much as half of the left ventricular stroke 
volume passes through the shunt, the dynamic 
conditions are such that the aorta receives its 
half demonstrably earlier than does the shunt; 
in fact, significant flow through the shunt in- 
dicated by onset of a murmur does not start 
until right ventricular ejection is well under 
way. Coincident with establishment of the 
shunt flow, the aortic ejection diminishes, 
causing the systolic decline of aortic pressure. 
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Dillon and Schreiber! found a definite in- 
crease in initial diastolic tension in the right 
ventricle and properly inferred that the greater 
diastolic stretch causes the right ventricle to 
contract with greater strength. They concluded 
that this is the compensating mechanism hy 
which the right ventricle delivers the neces- 
sary larger volumes of blood through the 
pulmonary vessels to the left heart. While we 
agree that this mechanism is concerned, our 
evidence indicates that the whole strain in- 
volved in delivery of larger stroke volumes 
does not fall upon the right ventricle. The leit 
ventricle, by ejecting a considerable stroke vol- 
ume to the right ventricle some time after 
ejection has begun, directly shares in supplying 
part of the force necessary to move larger vol- 
umes through the pulmonary vessels. The oper- 
ation of this left ventricular mechanism is well 
illustrated in figure i from an experiment. in 
which the shunt was opened late in diastole. 
The succeeding pressure wave in the pulmonary 
artery begins to rise with a normal slope. But 
just prior to reaching the systolic peak there 
is a second small but sharp rise at the arrow, 
+, increasing the systolic pressure above the 
control values, and this maximal pressure is 
well sustained until the incisural notch. As 
noted in the following beats, this pressure in- 
crease takes place during the same interval of 
systole that the murmur appears. Thus, the 
blood ejected via the shunt into the right 
heart is the basis of this secondary pressure 
increase. The initial systolic rise of the suc- 
ceeding pulmonary artery pressure pulse is def- 
initely steeper, indicating a more forceful right 
ventricular contraction brought about by in- 


crease of diastolic length. The murmur near 


the summit and the sustained systolic peak 
are evidence that the left ventricular com- 
ponent continues to exert its effect. In short, 
mechanisms by which pulmonary arterial pres- 
sures and blood flow increase depend both on 
increasing the right ventricular diastolic stretch 
and on the contractile power of the left ven- 
tricle. 

If a shunt is allowed to remain open, aorti 
pressures often recover nearly to or occasional!) 
above control levels, indicating that the tots: 
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stroke volume has increased sufficiently so that 
hai! of this discharge nearly equals its total 
normal discharge into the aorta. Before this 
stuie is attained, a considerable degree of active 
pulmonary congestion takes place, involving a 
trausfer of a volume of blood from the systemic 
to the pulmonary circulation. This active con- 
gestion is evidenced by both left atrial and 
aortic pressure changes. The left atrial pressure 
stays increased when the shunt is opened and 
for 1 few beats when it is closed. This latter 
event occurs despite a normal venous return 
to the right heart being ejected into the lungs 
and shows that flow from the lungs to the left 
atrium is greater than control volumes. Of a 
similar nature is the coincident temporary rise 
of aortic pressures, including pulse pressure, 
above control values when the shunt is closed 
as the congested blood in the lungs is being 
dissipated. The rapidity with which these 
changes take place is striking. Pressures in the 
right ventricle and pulmonary artery fall coin- 
cident with the first systole after the shunt is 
closed; those in the left atrium by the sixth 
beat. The initial adjustment brought about by 
by the opening and closing of the shunt as 
manifested by the aortic, pulmonary artery, 
und atrial pressure pulses are routinely com- 
pleted by the tenth beat. 

It will be noted that the altered dynamics of 
cardiac behavior during existence of an inter- 
ventricular shunt depend on the asynchro- 
nicity of left ventricular ejection into the aorta 
and right ventricle. The reason why priority 
of ejection occurs over the normal outflow 
tract is not wholly clear. The lateral placement 
of a septal shunt is certainly not the only 
factor concerned, for a similar delay has been 
shown to occur in mitral regurgitation" and in 
tricuspid insufficiency in which a basal leak 
exisis adjacent to the aortic or pulmonary 
orifices. In all of these conditions such priority 
of aortic ejection only occurs when a vigorous 
veniricular contraction and brusque elevation 
of tension during isometric contraction exist. 
When for any reason the ventricular beats be- 
come weakened, the flow occurs simultaneously 
an! even preferentially through shunts or A-V 
Vaivular leaks, with resulting diminution in 
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aortic discharge and development of circulatory 
failure. Apparently, the so-called ‘‘outflow tract 
of the ventricles” is a dynamic condition rather 
than a morphological arrangement. 


SUMMARY 


In order to evaluate more exactly the roles 
of the left ventricle and pulmonary vasculature 
in the presence of an interventricular defect, 
an external interventricular communication 
was established in anesthetized dogs. Optical 
records were taken from the ascending aorta, 
pulmonary artery, and right and left atria by 
‘alibrated manometers of adequate efficiency. 

Opening the shunt caused an immediate fall 
of aortic pressures and a rise of pulmonary 
artery and left atrial pressures. Right atrial 
pressures were unaffected. Varying degrees of 
aortic pressure compensation occurred. Closing 
the shunt caused, in general, effects opposite 
to opening. 

The following conclusions were drawn: (1) 
Pulmonary artery (and right ventricular) sys- 
tolic pressure is increased both by flow from 
the left ventricle into the semirigid right ven- 
tricle and by increased right ventricular dias- 
tolic length. (2) The pulmonary vasculature 
transmits practically instantaneously pressure- 
volume changes in the pulmonary artery as far 
as the left atrium. Active pulmonary congestion 
results from the increased right ventricular 
ejection. (3) Most of the flow through the 
shunt occurs after left ventricular ejection is 
well established. (4) Compensation of aortic 
pressures depends upon increasing volumes of 
blood returning fo the left heart from the lungs. 

The experimental data were correlated with 
clinical findings. Attention was drawn to the 
timing of the murmur, the increased ventricu- 
lar output, and the diagnostic significance of 
recording the subclavian pressure pulse in pa- 
tients with congenital ventricular septal de- 
fects. The similarity to perforation (following 
infarction or trauma) of human interventricu- 
lar septa was mentioned. 


ACKNOWLEDGMENT 


We are grateful to Dr. C. J. Wiggers for his 
assistance in the evaluation of our data and in the 
preparation of our manuscript. 








328 CARDIODYNAMICS OF INTERVENTRICULAR COMMUNICATIONS 


REFERENCES 


1 Ditton, W. H., AND ScHREIBER, H., Jr.: Cardio- 
dynamics of experimental interventricular com- 
munications. Am. J. Physiol. 154: 281, 1948. 

2? BRANNON, E. 8., Wrens, H. S., AND WARREN, 
J. V.: Atrial septal defect: Study of hemo- 
dynamics of technique of right heart cathe- 
terization. Am. J. M. Se. 210: 480, 1945. 

3 Roucuron, F. J. W., ANp ScHOLANDER, P. F.: 
Micro-gasometric estimation of blood gases. 
I. Oxygen. J. Biol. Chem. 148: 541, 1943. 

‘Harris, A. S., anpD Mariock, W. P.: Effect of 
anoxemic anoxia on excitability, conduction, 
and refractoriness of mammalian cardiac mus- 
cle. Am. J. Physiol. 150: 493, 1947. 

5 OppyYkE, D. F., Duomarco, J., Ditton, W. H.., 
ScHREIBER, H. Jr., Lirrue, R. C., AND SEELY, 
R. D.: Study of simultaneous right and left 
atrial pressure pulses under normal and ex- 
perimentally altered conditions. Am. J. Phys- 
iol, 164: 258, 1948. 

6Lirrte, R. C., Oppyke, D. F., ann Haw ey, 

J. G.: Dynamics of experimental atrial septal 

defects. Am. J. Physiol. 158: 241, 1949. 





7 FREEMAN, W., AND GrirFIn, KE. D.: Cardiac 
rupture with perforation of the interventricul:, 
septum. Am. Heart J. 7: 732, 1932. 

8’ Epmonpson, H. A., anp Hoxtr, H. J.: Hype 
tension and cardiac rupture; clinical and patho- 
logic study of 72 cases, in 13 of which rupture 
of interventricular septum occurred. Am. Heart 
J. 24: 719, 1942. 

®°Kast, T.: Traumatic rupture of the interve 
tricular septum. Brit. Heart J. 7: 116, 1945. 

10 Evans, W.: Cardiology. New York, Paul J). 
Hoeber, 1948. 

1 Lausry, C., Rourier, D., AND Sour, P.: Los 
souffles de la maladie de Roger. Rev. de Mei. 
50: 439, 1933. 

2 Apport, M. E.: Atlas of Congenital Heart Disease. 
New York, Am. Heart A., 1936. 

3 LevINE, S. A., AND Harvey, W. P.: Clinical 
Auscultation of the Heart. Philadelphia, \V. 
B. Saunders Co., 1949. 

4 WiccerRs, C. J., AND Frit, H.: Cardiodynamics 
of mitral insufficiency. Heart 9: 149, 1922. 

% LirrLe, R. C.: Cardiodynamies of tricuspid in- 
sufficiency. Proc. Soc. Exper. Biol. & Med. 
68: 602, 194S. 





oO es 


SMA eam ne 


Commissurotomy for Mitral Stenosis 


By Rosert P. Giover, M.D., THomas J. E. O’Netii, M.D., anpD CHARLEs P. Battey, M.D. 


The term “mitral commissurotomy” has been suggested to designate a procedure in which the in- 
dividual anatomic leaflets of the stenotic mitral valve are surgically separated. By incising the an- 
gles or commissures of the mitral slit (“fish-mouth”’) a considerable degree of valve function can be 
re-established without the production of additional significant regurgitation. Commissurotomy, 
as described below, was performed in 8 cases of advanced mitral stenosis. Results in 5 were most 
satisfactory. There were three deaths early in our experience during the period when our technic 
was being perfected. (Noted in addendum are 22 cases undergoing the operation since this article 
was submitted for publication, and bringing the total series to 30.) 


‘Y WAS inevitable that the many recent 
advances in cardiac diagnosis and surgery 
would shortly foster invasion of the heart 

chambers. Of equal certainty was the fact that 
chronic valvular disease of the heart, the most 
common intracardiac disorder, would be among 
the first conditions subjected to surgical con- 
sideration. That valvular disease is common 
and found universally is well known. Indeed, 
White! has estimated that 0.5 to 1.0 per cent 
of the community at large is affected, particu- 
larly in those areas where rheumatic fever is 
endemic, as in northeastern United States and 
northern Europe. The great majority of persons 
afflicted with rheumatic heart disease (up to 
85 per cent) develop some degree of deforming 
valvular disease, the mitral valve being the 
most common site of involvement. Structural 
stenosis of the mitral valve is the most de- 
forming end-result of rheumatic infection. 

The prognosis of an individual case of mitral 
stenosis depends upon many factors: the age 
of the patient, the severity of the lesion, the 
presence or absence of other valve defects, the 
presence or absence of additional rheumatic 
activity, and the condition of the myocardium. 
The ultimate outcome, however, is almost in- 
variably unfavorable once the stenotic change 
gives rise to a progressive pattern. Thus, when 
the diagnosis of early mitral stenosis has been 
estal lished the cardiologist can picture and 
predict with considerable accuracy, both by 


fiom the Thoracie Surgical Services of the Epis- 
cop:! Hospital and the Hahnemann Medical College 
and Hospital, Philadelphia, Pa. 

Koad at the Twenty-Second Scientific Session of 
the American Heart Association at Atlantic City, 
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repeated physical examinations and observance 
of the patient’s general condition, the struc- 
tural and symptomatic phases through which 
a given case will pass. His treatment will at 
once be directed toward the prevention of 
further rheumatic insults and the support of a 
myocardium which is attempting to maintain 
adequate systemic circulation in the face of an 
increasing mechanical stricture. Under such cir- 
cumstances both the cardiologist and the myo- 
cardium are fighting a losing battle. It is little 
wonder, therefore, that in his deliberations Sir 
Lauder Brunton? as early as 1902 concluded 
that direct surgical incision of the stenotic 
valve provided the only logical method of in- 
terrupting the relentless chain of events at- 
tendant upon progressive mitral stenosis. Sup- 
port of the myocardium by intelligent therapy 
has offered the only approach to date, but it is 
the treatment of the effects of disease rather 
than the alleviation of its mechanical cause. 
True, the ideal approach would be the elimi- 
nation of the causative agent, rheumatic fever. 
Failing this, however, the correction of its dis- 
astrous cicatricial end result seems most logical. 

Pursuing this line of reasoning there followed 
years of sporadic research, both experimental 
and clinical. Early investigation was concerned 
with an experimental production of mitral ste- 
nosis and insufficiency, providing material for 
the study of physiologic pressure changes so 
produced.*-* Although even to this day true 
mitral stenosis simulating the clinical form of 
the disease has never been duplicated, cica- 
tricial constrictions of the mitral ring have 
provided a medium for the thorough evalua- 
tion of obstructive phenomena upon the pul- 
monary circulation and right side of the heart. 
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By 1929 Cutler and Beck’ were able to collect 
10 cases from the literature in which surgical 
relief of mitral stenosis had been attempted. 
These efforts, in the main, had been made by 
the introduction of punchlike instruments 
through the myocardium of the left ventricle, 
blindly engaging upon a mitral valve cusp 
with the removal of portions of tissue, thereby 
enlarging the valve orifice but converting a 
lesion primarily stenotic into one primarily 
regurgitant. That this was poorly tolerated is 
evidenced by the fact that only one of 10 pa- 
tients survived; thus, all surgical attempts fell 
into disrepute until very recent years. 
Powers,*~'® in 1932, demonstrated, again experi- 
mentally, that the abrupt conversion of mitral 
stenosis to mitral regurgitation with its sudden 
overwhelming increase in pulmonary conges- 
tion was responsible for the fatal outcome in 
patients so treated. This knowledge has 
prompted more recent investigators to direct 
their attentions at relief of stenosis by pro- 
ducing either small amounts (controlled) of 
regurgitation or, more ideally, no additional 
regurgitation at all. To this end, methods of 
grafting body tissues into the cardiac chambers 
to replace deformed valves have been devised 
but as yet have not been sufficiently perfected 
to warrant general usage.'': ” Thus, since 1929, 
fourteen additional attempts (not including our 
own) to relieve mitral stenosis by plastic pro- 
cedures upon the valve itself have been 
made."*-'* Nine of the patients survived the 
operation but a number have since succumbed 
as a result of induced, though possibly limited, 
mitral insufficiency. It is obvious, therefore, 
that future efforts must be directed at the re- 
lief of stenosis without the production of sig- 
nificant regurgitation if long-lasting benefits 
are to be derived from surgical intervention. 
The purpose of this communication is to pre- 
sent a method whereby the production of re- 
gurgitation has been so minimized as to be not 
significantly greater than that which inherently 
exists with all mitral stenosis. Therefore, it is 
incumbent upon the cardiologist to classify 
and re-evaluate mitral stenosis on a more ex- 
acting physiologic basis so that proper selection 
of cases for surgical intervention may be forth- 
coming. For this re-evaluation the work of 


Cournand and associates” and of Bing and his 
co-workers’ has been epochal and __ their 
methods of thorough study must be more gen- 
erally applied. 

Because of the possible promise of recent 
surgical developments, one is forced to tie 
conclusion that heart disease as a whole aid 
mitral stenosis in particular must shortly 'e 
viewed by the cardiologist from an entire!y 
new perspective. Thus the first signs of coe- 
veloping mitral stenosis demand immediate and 
repeated evaluation by all possible methocs. 
Careful clinical examination and appraisal |yy 
an experienced cardiologist is obviously essen- 
tial. The cardiologist’s armamentarium has long 
included, in addition to subjective and aus- 
cultatory analysis: (1) electrocardiograms and 
sound recordings; (2) teleoroentgenograms, eso- 
phagograms, and fluoroscopy for an estimation 
of the size of individual heart chambers; (3) 
exercise tolerance tests; and (4) laboratory data 
for the detection of rheumatic activity. Such 
a program has been the standard means of 
determining the benefit derived from thera- 
peutic measures. To this now must be added 
procedures for the detection of early physiologic 
changes. To evaluate cases for surgical inter- 
vention, there must be included (5) estimations 
of cardiac output at rest and with exercise as 
calculated by ballistocardiography or, more ac- 
curately, by utilization of the Fick principle; 
and (6) determinations of the pulmonary ar- 
terial and right ventricular pressures by cardiac 
catheterization. 

Nothing need be said regarding the worth 
of the first four methods of evaluation. Their 
importance is unquestioned when carried out 
by experienced clinicians, even though many 
minor individual variances may lay stress on 
one finding rather than another. In many cases, 
however, the conclusions drawn from this type 
of evaluation alone may be dependent upon 
the presence of advanced pathologic changes 
Significant pathologic and physiologic change: 
may well be detected earlier by the recentl) 
developed studies (5 and 6 in the precediny 
paragraph) and point the way toward recon- 
structive surgery before irreversible chang: + 
have occurred. 
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(ertain basic questions must then be an- 
swt red: 

\. Has the primary rheumatic infection 
con: pletely subsided? What is the probability 
of recurrence? What effect would recurrence 
exe! upon the valve that has been subjected 
to cperation? While no clear-cut answers can 
be } rovided, it seems reasonable that present 
acti ity can be detected and that future exac- 
erba'ions can be prevented in large measure 
by the established practice of intermittent and 
long-continued chemotherapy or administra- 
tion of antibiotics. Certain newer substances 
such as Compound E recently reported by 
Hench may prove to be of great value. In 
spite of precautions, should recurrent activity 
appear, in all probability further cicatrix would 
nullify the result of surgical treatment. 

B. Is the valvular deformity such that the 
patient cannot reasonably expect a normal life 
span with but moderate limitation of activity? 
Preliminary evaluation of the patient by meas- 
uring the pressures within the pulmonary cir- 
cuit may well be paramount in the making of 
such a decision. There is a strong suspicion 
that systolic pressures of 50 mm. Hg within 
the pulmonary artery may represent the critical 
level above which the patient must shortly ex- 
pect serious Consequences. 

C. Finally, to what point may stenosis be 
permitted to develop before all reasonable 
chance of surgical relief is lost? Results ob- 
tained to date strongly suggest that in far- 
advanced cases in patients with fixed, calcified 
valves, who have or have repeatedly had heart 
failure, the opportunity for surgical relief has 
been lost. We believe that both the main- 
tenance of a low surgical mortality and the 
degree of improvement desired require that 
the patient be a fair surgical risk, that his le- 
sion be primarily early and predominantly ste- 
notic, and that his myocardium, although 
strained by overwork, be capable of restoring 
anormal cardiae output once obstruction of 
the pilmonary outflow has been relieved. One 
may ‘hen ask: Why operate upon a person who 
is doing well? Surgery is not indicated, ob- 
viously, if a patient is doing well and prelimi- 
nary and repeated evaluation indicates non- 
progression. On the other hand, many patients 


e 


with established stenosis, although appearing 
to be reasonably fit, will demonstrate relatively 
early the progressive nature of their disease. 
Operative intervention at this earlier date will 
be repaid by a far better result and a lower 
mortality rate. Such reasoning may be likened 
to the urgency surrounding operative inter- 
vention in many other diseases, as in tubercu- 
losis or carcinoma, before irreversible and wide- 
spread changes have occurred. As in all surgery 
for chronic progressive disease, what must be 
done should be done early. 


ANATOMIC, PATHOLOGIC, AND PHYSIOLOGIC 
CONSIDERATIONS 


The interplay of anatomic, pathologic, and 
physiologic factors, with reference to the mitral 
valve, when reduced to essential components, 
is readily understandable. 

The normal mitral valve may be likened to 
a truncated cone of thin, flexible membrane. 
Its base is attached at the left atrioventricular 
ring, and its apex extends into the left ven- 
tricle. The apex and the outer surface of the 
apical half of this cone are suspended by numer- 
ous “guy wires” (chordae tendineae) attached 
to papillary muscles arising from the ventricu- 
lar wall near the ventricular apex. The chordae 
tendineae are grouped more heavily in two 
areas of the mitral apex, at either side. These 
areas represent the anatomic fusion of the two 
components of the valve (an anteromedial and 
a postolateral leaf), and represent the corners 
of the apex upon which the leaves fold them- 
selves. The apical portion of the valve cone is 
somewhat folded or flattened upon these points. 
When modified by rheumatic disease, these 
points of folding become the ‘“commissures.”’ 
The plane of flattening is oblique (with the pa- 
tient in the supine position), running from the 
left anterolateral portion of the valve postero- 
medially. The anterior or anteromedial valve 
cusp is larger than the posterolateral, and is 
continuous with the posterior portion of the 
intracardiac aortic wall. During auricular sys- 
tole the posterior or posterolateral cusp lies 
well away from the ventricular wall. During 
ventricular systole the ventricular wall may 
approximate and support it. Thus, mitral re- 
gurgitation is primarily a defect or dysfunction 
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of the anteromedial valve cusp. A defect of the 
posterolateral cusp produces only “‘limited re- 
gurgitation,” rather than an uncontrolled re- 
flux of blood, as seen when a defect in the con- 
tinuity of the anteromedial cusp prevents 
normal deflection of the ventricular output into 
the intracardiac aorta. The papillary muscles 
contract synchronously with the ventricle, 
drawing the chordae tendineae taut, thus pre- 
venting the valve leaflets from becoming in- 
verted or displaced backward into the auricle. 





* INDURATION ALONG 
© MARKED FIBROSIS (possmus caucanc perccm) CUSP MARGINS 
* BASE OF VALVE 

RELATIVELY NORMAL 


© MARKED DILATATION OF LEFT AURICLE, 
EARLY HYPERTROPHY RIGHT VENTRICLE. 


Fic. 1.—Pathologie changes seen in late mitral 
stenosis. Note the thin, pliable base of the valve 
(cross section). 


In rheumatic disease the mitral valve de- 
velops numerous minute cauliflower-like vege- 
tations (1 to 2 mm. in diameter) in a row along 
the line of closure of the valve. Healing leads 
to the formation of scar tissue. With repeated 
infection and healing, there is gradual develop- 
ment of fibrosis, thickening, and narrowing 
and shortening of the apical portion of the 
valve cone. This scarring and narrowing may 
be very limited in extent to resemble merely a 
purse-string puckering of the valve orifice. In 
other instances, the disease involves one-fourth 
to three-fourths of the cone, leaving a flexible 
margin along its base (fig. 1). In far-advanced 
disease the whole valve becomes a rigid, com- 
pletely inflexible, often calcified structure re- 
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sembling a hard, ovoid plaecque surrounding a 
small fish-mouth slit. Most physicians, and 
even many pathologists, think of such extre:e 
deformity as classical and the rule in mitral 
stenosis. We have found this condition in oy ly 
one of our 16 cases. 

Usually mitral rheumatic disease hardens or 
fixes the apex of the mitral cone in the infolied 
or flattened position so that the commissu ‘es 
become an anatomic reality. Thus stenosi~ js 
produced, offering marked resistance to ‘he 
passage of blood from the left auricle into ‘he 
left ventricle. Some degree of regurgitation 
through the mitral slit during ventricular con- 
traction is common. Not infrequently mitral 
rheumatic disease hardens and shortens the 
valve cone to a point where the leaves cannot 
be approximated. Such cases of predominant 
mitral regurgitation are less common than those 
predominantly stenotic, and at the present time 
are not amenable to surgical correction. 

Mitral stenosis of any degree interferes with 
filling of the left ventricle, and thus with the 
maintenance of normal systemic cardiac out- 
put. Many such hearts are unable to increase 
their output over and above resting bodily 
requirements. Thus any appreciable amount 
of work will quickly cause patients with such 
hearts to become fatigued, dizzy, and even 
momentarily to lose consciousness. Concur- 
rently, since the egress of blood from the left 
auricle is impaired, increased pressure within 
and great dilatation of this chamber results. 
The high intra-auricular pressure is transmitted 
to the entire pulmonary vascular system and 
thence to the right ventricle. A chronic pul- 
monary hypertension ensues, with nocturnal 
or exertional pulmonary edema (dyspnea), rup- 
ture of pulmonary capillaries (hemoptysis), and 
failure of the right side of the heart (enlarged 
liver, ascites, and peripheral edema). 


SURGICAL CONSIDERATIONS 


The possible surgical approaches to the pro! - 
lem of mitral stenosis seem to take one of the 
following three courses: (1) Methods of by- 
passing the stenotic mitral valve. (2) Methovs 
of relieving the associated pulmonary hyp«'- 
tension. (3) Methods of direct surgical attack 
upon the stenotic valve. 
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By-Passing the Stenotic Mitral Valve. To our 
knowledge very little has been attempted or 
accomplished along the lines of by-passing the 
miiral valve. In 1913 Jeger'® suggested that 
a \alved vein might be grafted to serve as an 
anistomosis between the pulmonary vein and 
left ventricle, and thereby adequately sidetrack 
the stenotic mitral valve. Litwak?’ working 
in cur laboratory, has been able to produce 
such) a by-pass by anastomosing a pulmonary 
vein directly to the left ventricle, utilizing a 
free graft of azygos, hemiazygos, or femoral 
vein. This was accomplished in five dogs with 
function observed for several days, but throm- 
bosis occurred within two weeks to one month 
in all the dogs. 

Satinsky,”! also in our laboratory, attempted 
quite a different type of by-pass. He divided 
the subclavian artery in dogs and anastomosed 
the distal end of this vessel to a pulmonary 
vein. The operation was deleterious to normal 
dogs, causing death, but conceivably might 
be of some value were the conditions of clinical 
mitral stenosis present. 

Relieving the Associated Pulmonary Hyper- 
tension. Various methods have been devised 
to relieve the associated pulmonary hyperten- 
sion Which accompanies mitral stenosis: 

1. Harken and his co-workers’ have sug- 
gested that a measure of improvement may be 
afforded by removal of the cardiac accelerator 
and afferent nerves to the heart. Relief so 
obtained is through the production of a slower 
heart rate, thereby increasing ventricular fill- 
ing time or by the interruption of pain fibers. 

He has observed symptomatic relief in a patient 
so treated, but suggests that such an approach 
can only be one of palliation. We have had 
ho experience with this form of treatment. 

2. \ttempts have been made to destroy the 
function of the tricuspid valve with the pro- 
duction of tricuspid regurgitation to prevent 
easy access of blood into the right ventricle 
and |, wer its pulmonary output.” In our opin- 
ion sich an approach has little to recommend 
It, 

3. (he production of a communicating shunt 
betwen the pulmonary and systemic venous 
syst-ms, thus affording a measure of relief 
to ‘he hypertension within the left auricle, 
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has some merit. An anastomosis between the 
azygos and pulmonary veins has been accom- 
plished by Sweet” with subjective relief of 
distressing pulmonary symptoms. 

4. Both Harken and our group have pro- 
duced interauricular septal defects to relieve 
the pulmonary hypertension of mitral stenosis. 
Such a venous shunt will reduce the hyperten- 
sion and strain within the left auricle, 
and secondarily, the associated hypertension 
throughout the pulmonary vascular bed and 
right ventricle. We have obtained pressure 
readings within the pulmonary artery in certain 
cases of mitral stenosis which were higher than 
those within the aorta (150+ mm. Hg). Theo- 
retically, a venous shunt should relieve strain 
on the entire lesser circulation, and one would 
anticipate relief of such symptoms as hemop- 
tysis, acute attacks of pulmonary edema, and 
right-sided heart failure. It is probable that 
such an effect is accomplished to a degree. 

Unfortunately, reduction in the left auricular 
pressure without enlargement of the mitral 
orifice results in a destruction of the compensa- 
tory mechanism which nature has set up to 
force blood through the narrowed mitral valve. 
With the production of such a shunt, the left 
ventricular output falls. The amount of fall 
is related to the relative sizes of the shunt 
orifice and the mitral orifice. Obviously, no 
patient can withstand a shunt if the cardiac 
output during exercise does not materially in- 
crease over the resting requirements. By the 
same token, it is essential even in those who 
can so increase their output, that this should 
not be cut below the level of resting require- 
ments. Since in most clinical cases the patient 
can do no more than double his resting output, 
it follows that one should not produce an open- 
ing even as large as the stenotic mitral orifice 
unless it is planned to render the patient totally 
bed-fast. 

It has been repeatedly stated that nature 
itself has produced a similar combination of 
defects in the form of Lutembacher’s syndrome. 
Indeed, the syndrome does embrace both a 
mitral stenosis and a large auricular septal 
defect. In this instance it must be remembered 
that compensation has been established over 
many years by gradual changes in the heart 
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and by a great increase in the total blood vol- 
ume. These patients are said to do well, or at 
least somewhat better than those with “pure” 
mitral stenosis. Taussig,”* with reference to 
this syndrome, states that, ‘‘The blood so 
shunted” (through the auricular septal defect) 
“passes into the right ventricle and thence 
is pumped out through the pulmonary artery 
to the lungs and is again returned by the 
pulmonary veins to the left auricle. Thus, an 
excessive amount of blood is pumped around 
and around the lesser circulation; whereas the 
left ventricle, aorta, and systemic circulation 
receive less than their normal quota of blood. 
The right auricle and ventricle are enlarged. 
The pulmonary artery is usually twice the 
size of the aorta. The strain on the left auricle 
is relieved by the defect in the auricular septum. 
Therefore, the left auricle is not enlarged. The 
left ventricle is small.’ For a time, therefore, 
the strain on the left auricle and pulmonary 
vascular bed may be somewhat relieved, but 
only at the expense of producing a similar 
strain on the right ventricle, a condition equally 
serious. Again quoting Taussig, ‘The late de- 
velopment of cardiac difficulties” (in Lutem- 
bacher’s syndrome) “‘occasionally occurs after 
a relatively minor illness. For example, a pa- 
tient who has never been known to have any 
‘-ardiac abnormality, after some slight illness 
may suddenly develop symptoms which lead 
to progressive heart failure.”” It would seem 
that any condition which causes such great 
pulmonary arterial and right ventricular en- 
largement can scarcely be considered desirable. 
Actually, on an average this defect terminates 
fatally when the subject is 40 years of age: 
slight, if any, improvement over longevity in 
uncomplicated mitral stenosis. 

Indeed, the production of a venous shunt 
for mitral stenosis seems somewhat comparable 
to the production of an arterial shunt (systemic 
artery to pulmonary artery) for the treatment 
of congenital pulmonary stenosis. The produc- 
tion of an artificial ductus arteriosus is life- 
saving in cases of severe pulmonary stenosis. 
Too large a shunt is promptly fatal, however, 
and any arterial shunt increases the load on 
the myocardium, leading to eventual cardiac 
enlargement. Helpful as these shunts have been, 


if a method of direct and successful attack 
upon the pulmonary stenosis were to become 
available, we have no doubt that all concerned 
would promptly embrace the more direct pro- 
cedure. It would then be necessary, althoug), 
perhaps not practicable, to recall these patienis 
for the performance of direct valvular surgery 
and subsequent division of the artificially pro- 
duced ‘patent ductus arteriosus.”’ This woul: 
also be the case with the venous shunt. if 
such shunts are created to save life in the fave 
of demonstrably superior direct valvular st- 
tack, we will soon be faced with the problim 
of repairing them. 

Direct Attack Upon the Mitral Valve. This 
undoubtedly has been contemplated for many 
decades. Brunton, in 1902, suggested that the 
only proper and logical approach to the prob- 
lem of mitral stenosis was to “lengthen the 
slit.” How sound his judgment was will become 
evident shortly. 

Since the first section of the mitral ring 
by Elhott Cutler* in 1923, there have been 
a number of direct attacks upon the stenotic 
mitral valve. The approach and the methods 
employed have varied. Thus, the left auricular 
appendage as a site of entrance has been 
utilized by Allen and Graham (1922),2*: * 
Souttar (1925), the present authors (1945), 
Smithy (1947), and Harken (1947); the left 
ventricle by Cutler, Levine, and Beck (1924),* 
Pribram (1925),?° and Smithy (1947); and the 
left pulmonary vein by Harken (1946). It is 
our considered opinion that the approach 
through the auricular appendage is far superior 
to any other. It leads directly into the wide 
opening of the mitral funnel and thence to 
its stenotic orifice. There are no chordae tendi- 
neae to interfere with the passage of the instru- 
ment or finger. In addition, no serious disturb 
ance of cardiac rhythm or function is produced. 
The finger or instrument is well tolerated in 
the roomy left auricle, unless the actual passag 
of blood into the ventricle is obstructed fo1 
more than three beats. In addition, the append 
age may be readily and securely ligated a’ 
completion of the operation. 

On the other hand, the left ventricular ap 
proach is obstructed by chordae tendineae ani! 
does not insure ready or accurate localization 
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of the small opening of the mitral funnel. Such 
an approach may provoke a serious arrhythmia, 
dovs not permit digital insertion or palpation, 
and may be difficult to close securely. 

\lethods of dealing surgically with the valve 
have included: (1) simple incision of a valve 
cusp, (2) excision of a portion of the mitral 
ring, (3) digital dilatation of the stenotic orifice, 
(4) valvuloplasty, and (5) commissurotomy. 

|. Simple Incision of a Valve Cusp: Simple 
incision of a mitral valve cusp has a very 
deleterious effect upon the experimental animal. 
If the anteromedial or “aortic” cusp of the 
mitral valve is completely divided, death is 
prompt and almost immediate. If the posterior 
cusp is completely divided, death is usual 
within twenty-four hours. While Cutler’s first 
patient lived four and one-half years after simple 
incision, it appears that the cusp was not com- 
pletely divided. Dogs, too, will tolerate lesser 
degrees of valve section. One of the objections 
to simple incision of the ring is the possibility 
of healing at the site of the incision. It seems 
improbable that such healing would occur if 
the valve were widely incised to its base, since 
the edges would then gape widely during most 
of the cardiae cycle. On the other hand, if the 
incision only extended partially through the 
scar tissue, it could not gape and very probably 
healing and further cicatrix would occur. We 
have never observed healing in an adequately 
incised heart valve in dogs, followed for periods 
up to twelve months, or in one patient followed 
three months postoperatively. Of three such 
patients reported by Cutler, Levine, and Beck, 
two died shortly after surgery. 

2. ixeision of a Portion of the Mitral Ring: 
Simple excision of the valve ring was practiced 
by Cutler and Levine (1923),%4 by Cutler, Le- 
vine and Beek; also by Pribram, and later 
by Smithy. Since it was felt that the only 
hope in mitral stenosis was to replace it by 
a recurgitant type of lesion, partial excision 
of the valve cusp seemed to be a logical pro- 
cedure. We are unequivocally opposed to this 
conc.pt, since experimentally and clinically it 
has been demonstrated that a suddenly pro- 
ducod mitral regurgitation is poorly tolerated 
and is as serious a lesion as the original steno- 
sis. Results following this form of treatment 
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have been discouraging in the past. Thus, four 
patients so treated by Cutler, Levine, and Beck, 
and one by Pribram, all died within six days 
after operation. In June, 1948, Smithy reported 
five living patients out of seven so treated. 
His better results may be attributed partially 
to advances in anesthesia and surgery. More 
pertinent, however, is the fact that by design 
he excised relatively small pieces of valve tissue. 
Time will supply the answer as to how well 
his patients will carry on with their increased, 
though limited, regurgitation. 

3. Digital Dilatation of the Stenotie Orifice: 
Digital dilatation of the stenotic valve was 
first practiced by Souttar in 1925 with success 
in one case. We have since performed three 
such dilatations with one success.*°: *! The first 
of these was attempted on June 12, 1946. 
In a practically moribund woman a very hard, 
calcified valve slit was dilated with marked 
temporary improvement. Death within three 
days was disclosed at autopsy to have been 
the result of clotting at the torn commissures. 
It was evident that the valve had torn at the 
line of the commissures sufficiently to establish 
some temporary valve function. Thrombosis 
had quickly re-established or increased the 
stenosis and caused death. At postmortem ex- 
amination the idea of cutting the commissures 
well into normal valvular tissue under direct 
digital guidance or “vision” was born. Since 
that time we have had to resort to simple 
digital dilation in two additional cases, with 
one success.*! We are well aware from studies 
upon stenotic mitral valves incidentally found 
at autopsy that simple digital dilatation does 
not always result in tearing the fused fibrotic 
commissures. The ring tears at its weakest 
point, which may well be across a cusp. Even 
when the tearing does occur at the commissures, 
one finger is seldom large enough to force the 
tearing to extend beyond the fibrotic tissue 
into normal valve structure. However, this 
early case of dilatation did result in what we 
then considered to be an entirely new concept 
of treatment. 

4. Valvuloplasty: Harken has used the term 
“valvuloplasty” to describe his procedure of 
resection of portions of the valve ring at the 
commissures. He rightly recognizes that re- 
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section will best be tolerated if performed at 
the commissures, assuming that resection with 
limited or selective regurgitation is the desired 
result. Two such operations have been per- 
formed. In one the pressure in the left auricle 
was 450 mm. water, but rose above the readings 
of a 500-mm. manometer after valvuloplasty 
of this type. This was attributed to a coincident 
tachycardia. The patient died in pulmonary 
edema twenty-four hours later. In the other 
patient, left auricular pressure dropped from 
450 mm. water to 400 mm. during the 
procedure. The patient was improved subjec- 
tively. Localization of the commissures was 





Fia. 2. 


two gloves on the palmar surface of the right index 


Commissurotomy knife inserted between 
finger. 


accomplished by palpating the valve with the 
valvulotome inserted through the auricular ap- 
pendage. 

5. Commissurotomy: Commissurotomy is a 
term suggested to us by Dr. Thomas Durant of 
Philadelphia to designate the procedure which 
we have employed to re-establish a marked de- 
gree of normal mitral valve function. Our pres- 
ent operative technic is simplified and direct. 
It has been described in detail in a previous 
publication. Very briefly, it consists of an opera- 
tive approach through the left anterior chest 
wall with the patient in the dorsal recumbent 
position. The pericardium is incised longitu- 
dinally one-half inch anterior to the phrenic 
nerve as it courses downward over the left 


lateral aspect of the heart. The huge distended 
auricular appendage now protrudes from the 
pericardial sac. A purse-string suture of heay) 
braided silk is passed about the appendage 
at its base. A Satinsky clamp is closed over 
the base of the appendage and a genero.s 
portion of its tip is amputated. Two glov:s 
are worn on the right hand. An opening :s 
made in the outer one on the palmar surface 
at the base of the index finger, and another 
at the tip. The blade of the commissurotoniy 
knife is inserted between the gloves on thie 
index finger (fig. 2), and the finger is inserted 





Fic. 3. 
knife in left auricle. The stenotic valve is explored; 
the knife is protruded through the orifice and en 
gaged upon the anterolateral commissure. 


Right index finger and commissurotom) 


into the left auricle as the clamp is released 
and as the purse-string suture is pulled taut. 
The finger is well tolerated by the auricle and 
‘auses no disturbance to the circulating blood. 
The valve is quickly and easily located. I's 
structure can readily be appreciated; the size 
of the opening and the location of the commis- 
sures are determined. The knife is now pro- 
truded through the orifice and the hook is 
engaged upon the anterolateral commissure 
(fig. 3). A backward stroke usually divides 
the commissure adequately the first time. Tle 
finger again palpates the opening and gent'y 
dilates it. If the cut in the commissure docs 
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not extend well into normal tissue the back- 
wird stroke is repeated. In patients who have 
a rather soft valve orifice markedly diminished 
in cross-sectional area, simple opening of the 
Jateral commissure is in our opinion sufficient. 
On the other hand, with a rigid, fixed, 
and sometimes calcified valve, incision of the 
medial commissure as well may be necessary. 


incision of the commissures but without the 
advantage of simultaneous digital guidance. 

The finger and knife are now deftly with- 
drawn from the auricle as the previously placed 
purse-string suture is drawn tight, preventing 
more than a few cubic centimeters of blood loss 
The suture is tied and the cut edge of the ap- 
pendage is oversewn. There should be no dis- 





Fic. 4. 


TABLE 1. 


Narrow-bladed commissurotomy punch with trocar and cannula 


Cardiac Catherization Studies in One Patient (J. B., Case 6) 


Immediately Before | Immediately After 


Preoperative (1/21/49) Postoperative (3/3/49) Commissurotomy Commissurotomy 
(2/2/49) (2/2/49) 
Pressure in mm. Hg = 
Systolic diastolic Systolic Jiastoli f.. : ‘ 
ystolic Diastolic Baa ystoli Diastolic Pulse! SY | Dia- |putee! S¥s- | Dia- lputce 
mes tolic | stolic |" "'S*| tolic | stolic |* 4'S¢ 
Max. Min. |Max. | Min. Max. Min. Max. Min. 
Right pulmonary artery. 48.5 40.8 16.1 8Q 
Main pulmonary artery 51.248.4/16.1 80 
Right ventricle 96 .2)'83.2)19.6)14.0) 85 |48.6)389.7, 2.7 —2.7 72 
Righ: auricle 17.419. 38/4.55) 1.4) 83 | 9.9] 6.4) 3.4) 0.7) 2 
Left auricle... 45.1) 30.3) 90 | 15.5} 2.6) 96 


This is accomplished by pronating the hand, 
eng: zing the medial commissure, and repeating 
the cutting maneuver as described above. 

1) order to handle very hard or calcified 
val\es, we have prepared a special narrow- 
blaced backward-eutting punch (fig. 4). This 
has a long bite so that it, too, will cut com- 
ple'cly through the diseased tissue and into 
th flexible membranous valve. Thus, we still 
ol ain practically the same effect as by simple 


turbance of the systemic circulation and few if 
any irregularities throughout the procedure. 

Postoperatively the patient may experience 
considerable pain for three to four days from 
the manipulative ‘‘pericarditis.”” This is con- 
trolled by opiates. Ambulation is permitted 
within two to five days. 

It is our present belief that commissurotomy 
by such a technic is a simple, relatively safe, 
direct method of re-establishing improved valve 
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function. It has the great advantage of direct 
digital guidance. It should not, and has not 
in any of our five successful cases, produced 
any detectable amount of mitral regurgitation. 
Blood loss is minimal and no apparent dis- 
turbance of heart function results. That it 
effectively accomplishes the desired result is 
shown not only by the marked clinical im- 
provement in all living patients, but also by 
objective physiologic studies. 

The following representative table (table 1) 
reveals the pressure changes observed in one 
of our patients studied before and after com- 
missurotomy. All pressures were recorded with 
a Lilly electronic manometer. The pressures 
in the left auricle were taken directly with 
the heart exposed immediately before and im- 


COMMISSUROTOMY FOR MITRAL STENOSIS 


in whom it might be lifesaving. In this our 
thinking follows the line already establishe:| 
by Blalock and Taussig in their work on pul- 
monary stenosis. The day will undoubted! y 
come when an extracorporeal circulation wi!| 
permit exclusion of the heart and lungs froin 
active duty during intracardiac surgery. .\| 
that time it will be possible to open the hea) 
widely and perform plastic procedures upon 
the valves and septa under direct vision. Such 
operations as commissurotomy will then be- 
come antiquated. 


RESULTS OF COMMISSUROTOMY 
Our early results were discouraging, but with 
improved selection of cases they have begun 
to show promise. A summary of our experience 


TABLE 2.—Mitral Stenosis 


ee Date of 

Patient Operation 
LWW. 3/22/48 Commissurotomy 
2. CO. W 6/10/48 Commissurotomy 
3.885. 6/27/48 Commissurotomy 
a. 7/13/48 Commissurotomy 
5. A. W. 9/ 2/48 Commissurotomy 
6.5.8. 2/ 2/49 Commissurotomy 
7.45; 45. 3/23/49 Commissurotomy 
8. E. W. 4/20/49 


Commissurotomy 


mediately after cutting the valve. Two other 
patients studied in this manner showed similar 
changes which have been published elsewhere.*! 
In none of these patients was there any appre- 
ciable blood loss, significant change of rate 
or rhythm, or disturbance of systemic circula- 
tion. We believe that these changes in the 
left auricular pressure indicate two things: first, 
the mitral stenosis was at least partially re- 
pressure would not have fallen; 
second, no appreciable increase in pre-existing 
regurgitation was produced or the pressure 
would have risen. 

Long-term follow-up alone can supply the 
ultimate answer to the effectiveness of com- 
missurotomy. Nevertheless, since years must 
elapse for such information to become available, 
we feel justified in proceeding in those patients 
who meet our present rigid indications and 


lieved or 


Type of Operation 


and dilatation 


Result 


Death in 6 days; technical difficult, 

Living; excellent result 

Living; excellent result 

Death in 8 days; sudden cerebral em- 
bolus 

Death in 24 hours; hemorrhage 

Living; excellent result 

Living; excellent result 

Living; improved 


with commissurotomy to date is appended in 
table 2. An abstract of each case has appeared 
in a previous publication.*! 

Commissurotomy by the technic described 
was performed in 8 cases with three fatalities. 
In the first of these (Case 1) a modified scalpel 
was employed, as our present commissurotomy 
knife had not been perfected. Attempts to 
incise the commissures were attended by re 
peated disengagement of the blade as it rode 
over the fibrotic valve, resulting in an inade 
quate incision extending only a few millimeters 
into the sear tissue. Pre- and postoperative 
pressure determinations in the left auricle were 
unchanged (320 mm. of water). The patien! 
died on the sixth postoperative day in pul- 
monary edema from unrelieved mitral stenosis 
The second patient (Case 4) was operated upo!: 
accurately and well, and appeared to be we': 
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on the way to a most satisfactory result, but which the embolus apparently originated. We 
su!/ered a cerebral embolus and died suddenly had observed such thrombus formation many 
on the seventh postoperative day. Autopsy times in anygnal appendages after valve surgery, 


4 
4 
i 









Fic. 5.— Anteroposterior and right anterior oblique preoperative roentgenograms showing size of 
heart and left auricle (Case 1). 


‘ oR 
EBs 





Fic. 6.—Anteroposterior and right anterior oblique roentgenograms made six months postopera- 
tively showing reduced size of heart and left auricle and disappearance of pulmonary vascular con- 
gestion (Case 1). 


dislosed an adequate and satisfactory com- but no adverse complications resulted. We had 
mi--urotomy. Thrombus formation had_ oe- simply oversewn the incision in the appendage 





curved in the left auricular appendage, from at the conclusion of the procedure. In the 
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4 succeeding cases (and in one previous one 
C. W., without purposeful design) we have 
ligated the auricular appendage at its base 
to prevent such disaster. The appendage of 
the third patient operated upon shortly there- 
after was ligated at its base without suture 
of the cut tip. Autopsy indicated that hemor- 
rhage had occurred from this site (Case 5). 
This experience has led to both ligation at the 
base and an oversewing suture at the cut tip 
on all subsequent cases. 

The remaining 5 patients represent most 
satisfactory results. Four patients are clinically 
well. Two who had been digitalized for some 
months prior to surgery no longer need such 
medication. There is definite diminution in the 
size of the heart as shown roentgenographically 
(figs. 5 and 6). Their tolerance for exercise 
is remarkably increased, permitting them to 
return to normal activity. Careful examination 
reveals some slight residual evidence of mitral 
stenosis in 2 of the patients (Cases 2 and 6) 
and somewhat more in a third (Case 8) in 
whom conditions were not satisfactory for an 
ideal commissurotomy. The others have no 
residual signs of the disease, although ad- 
mittedly the follow-ups are of short term. Elec- 
trocardiographic follow-up shows no significant 
change from the preoperative state. There has 
been no evidence of increased mitral regurgita- 
tion in any of the 5 patients. 


INDICATIONS AND CONTRAINDICATIONS FOR 
SURGERY (AT PRESENT) 

The indications and contraindications for 
commissurotomy must be considered together. 
Both must change as experience dictates. Com- 
mon sense and our present experience have 
led to certain conclusions to date: 


1. Most favorable group: 
A. Excessive fatigability. 
Increasing exertional dyspnea. 
B. No rheumatic activity. 
Normal sinus rhythm. 
Lesion predominantly stenosis. 
Evidence of significantly increased pul- 
monary hypertension. 
2. Less favorable group: The above plus: 
A. Recurrent bouts of hemoptysis. 
B. Arterial embolic phenomena. 
C. Auricular fibrillation without failure. 


Hemoptysis in more than amounts necessar\ 
to stain the sputum is of grave import. Wo); 
and Levine® point out that in their series o/ 
‘ases the average duration of life following 
the onset of severe hemoptysis is 35.5 month: 
Levine* stated that the average duration < 
life following the initial attack of congestiv» 
failure is 4.6 years. The development of auric 
ular fibrillation is usually permanent and j 
reversible. In this state thrombus formation 
not infrequently occurs along the endocardiuin 
of the dilated and relatively immobile auricul:ir 
walls. Some 75 per cent of these oceur within 
the lumen of the auricular appendage (left), 
a common site for the origin of arterial embo- 
lization. 

It follows, then, that our contraindications 
would be: (1) Active rheumatic infection. (2) 
Presence of superimposed subacute bacterial 
endocarditis. (3) Cardiac failure uncontrollable 
by medical means. (4) Presence of marked 
associated mitral regurgitation or other valve 
(aortic) deformities. 


SUMMARY 

Our entire experience with commissurotomy 
for mitral stenosis (8 cases) has been reviewed. 
There have been four very satisfactory results, 
one fair result, and three deaths. Had our pres- 
ent knowledge been applied to all cases, the 
mortality might have been appreciably lower. 

Commissurotomy is a simple, direct, effec- 
tive, and safe procedure. Its exact surgical 
technic has been outlined. 

Commissurotomy accomplishes relief of mi- 
tral stenosis by restoring considerable valve 
function without the production of additional 
mitral regurgitation. 

Digital guidance in the performance of ac- 
curate valve surgery is essential until a method 
of direct vision becomes established. 

The left auricular appendage is the most 
satisfactory avenue of approach to the mitral 
valve. 

The auricular appendage must be ligated 
at the conclusion of the procedure to prevent 
arterial embolization. This may prove to be 
the proper approach to the management of 
arterial embolization in many cases of auricula! 
fibrillation unassociated with mitral stenosis. 
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An appreciably enlarged left ventricle in a 
¢.se of supposed “‘pure mitral stenosis’’ is in- 
dieative of some additional significant valve 
k-sion (aortic stenosis or regurgitation, or mi- 
ty l regurgitation) and is by our present criteria 
contraindicative to commissurotomy. 

Study methods of value in addition to clinical 
e\ luation embrace cardiac catheterization for 
deiermination of pulmonary vascular pressure, 
ballistocardiography, and other physiologic 
studies for the determination of cardiac output. 

Venous shunts for the treatment of mitral 
stenosis are of some value, although their even- 
tual effects upon cardiac output, the right ven- 
tricle, and the lesser circulation must be kept 
clearly in mind. 


ADDENDUM 


Twenty-two additional cases of advanced mitral 
stenosis have undergone commissurotomy since this 
paper was submitted for publication, bringing the 
total series to 30 Six patients died. In 21 the results 
have been satisfactory to date, both subjectively 
and by objective improvement similar to that noted 
in table 1. In3, improvement has been considerable 
subjectively, but less striking objectively. 
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Experimental Hypervolemic Heart Failure: Its Bearing on 
Certain General Principles of Heart Failure 





By Wiuu1amM HuckaBeg, M.D., Gus Casten, M.D., anp T. R. Harrison, M.D. 


Infusion of large volumes of fluid into normal dogs produces a progressive rise in venous pressure 
with an initial parallel rise in cardiac output succeeded by a fall. On the basis of these experiments 
and other considerations which are discussed, it is concluded that the cardinal hemodynamic defect 
common to all types of heart failure is a disproportion between inflow load and cardiac output. The 
various general circulatory disorders are classified as primary disorders of filling and primary dis- 


orders of emptying with various subgroups. 


HE PURPOSES of the present com- 

munication are threefold: (1) to present 

experimental data concerning a type of 
heart failure to which relatively little attention 
has been paid in the past; (2) to consider the 
similarities between heart failure produced ex- 
perimentally and that occurring in patients; 
(3) to offer a classification of heart failure 
which appears to be applicable to both con- 
ditions. 

In the heart-lung preparation, failure may 
be induced by (1) gradual exhaustion of the 
myocardium, (2) excessive increase in the pe- 
ripheral resistance, (3) excessive elevation of 
the venous reservoir. The first factor is the 
most important because it occurs spontaneously 
with the passage of time, and because the myo- 
cardial competence determines at all times the 
degree of load (arterial or venous) which is 
required to produce failure. 

When we turn from the heart-lung prepara- 
tion to the patient, it becomes clear that the 
first (myocardial exhaustion) and second (ex- 
cessive arterial resistance) mechanisms of heart 
failure have well-recognized clinical analogues. * 


From the Department of Internal Medicine, 
Sout! western Medical College, Dallas, Texas. 

Aived by a grant from the Life Insurance Medical 
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Tis work was done during the tenure (W. H. and 
G.C. of a Life Insurance Medical Research Fellow- 
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ie classic analogue of heart failure developing 
spon! «neously over a period of hours in the heart- 
lung reparation is that developing over a period of 
dees os in man, i.e., senile heart failure occurring in 
the .hsence of demonstrable increase in load. The 








It is in regard to the third type of heart failure 
(that analogous to elevation of the venous 
reservoir) that uncertainty exists. 

It has long been recognized that, whereas 
heart failure in man is usually associated with 
decline in the cardiac output per unit of time, 
in some cases this function may be normal 
or increased. This conclusion, originally based 
on older studies, with less accurate methods,!: 2 
has now been amply confirmed by newer studies 
with more accurate methods.*: * In recent years 
the term “high-output failure”> has been ap- 
plied to patients with this functional disturb- 
ance. The present communication represents 
an attempt to analyze the mechanisms of “‘high- 
output failure,” and to relate them to the 
mechanisms of heart failure in general. 

Before proceeding further with the general 
consideration of the principles of heart failure, 
it will be well to consider certain experiments 
which may possibly be of aid in the clarification 
of these principles. In these experiments as 
in those of previous investigators*-* heart fail- 
ure was induced by massive intravenous in- 
fusions. 





common causes, in patients, of heart failure analogous 
to that brought about by excessive increase of the 
artificial resistance in the heart-lung preparation, 
are hypertension and aortic stenosis. However, the 
analogy is relative rather than absolute, because 
heart failure due to these causes is rare in young 
subjects, and in older subjects one can never be cer- 
tain concerning the relative importance of the re- 
sistance factor as compared to the myocardial aging 
factor. A rarer but better analogy is heart failure oc- 
curring acutely in young subjects with previously 
normal hearts as the results of multiple pulmonary 
embolism. 





































EXPERIMENTAL HYPERVOLEMIC HEART FAILURE 


TABLE 1.—Effect of Rapid Intravenous Infusions on Cardiac Output and Related Functions 


Increase 


, of Rt. Veno- : Mean 
Sam- ae ges . Arterio ; 
— . | Cardiac Atrial Atrial a Arterial , ? S, 
Experiment = Output Pressure Pressure aa Blood Volumes Infused 
re Over Con- | Difference . Pressure 
trol Value 
L/min. cm. saline cm. saline vol, % mm. IIg 
1. 5° albumin in water, 4.4 ec. 1 1.46 0 2.8 2.64 60 1700 ce. in 27 mi 
Kg./min. 2 2.29 18.5 5.0 1.95 56 
3 1.57 39.0 1.5 3.27 94 
2.55 12.0 1.5 2.01 94 
5 2.98 1.5 1.87 94 
2. 5° albumin in water 3.3 cc. 1 2.23 0 2.0 3.90 92 2173 ee. in 53° mi 
Kg./min. 2 6.08 22 3.3 1.75 124 
3 2.98 26.7 1.8 2.91 128 
1 2.55 29.2 2.0 3:12 114 
3. 5° albumin in water 3.3 cc. 1 1.30 0 1.0 7.08 140 2810 ec. in 52 min 
Kg./min. 2 2.75 5.0 5.5 5.48 170 
3 7.48 8.0 10.0 3.06 174 
4 3.92 10.5 5.0 1.76 190 
5 1.40 7.0 11.0 1.69 150 
4. 5% albumin in water, 3.3 ce. 1 3.50 0 5.0 2.23 114 1355 ec. in 25 min 
Kg./min. 2 6.35 8.0 2.0 1.59 150 
3 4.02 15.0 1.5 1.21 146 
4 3.26 31.0 3.0 $.S4 134 
5 2.84 32.3 Re 1.58 100 
6 1.99 11.5 0.3 3.57 136 
5. 5°% albumin in modified Ringer’s 1 3.67 0 6.3 2.59 98 2590 ee. in 68 min. 
solution, 33 ec./Kg./min. 2 3.74 1.5 5.3 3.04 108 
3 3.87 9.8 3.5 3.08 110 
4 4.43 15.8 1.5 2.57 96 
5 4.28 18.3 —3.5 2.19 96 
6 1.56 23.3 —6.5 1.56 80 
6. 10° albumin in modified 1 5.71 0 4.3 1.98 110 1435 ce. in 26 min 
Ringer’s solution, 3.3 ce. 2 9.59 8.3 4.5 1.47 120 : 
Kg./min. 3 6.00 12.8 0.5 2.31 134 4 
1 5.82 18.8 1.8 2.27 134 i 
5 5.20 25.3 1.0 2.46 132 i 
6 3.59 15.3 4.5 4.01 148 i 
7 2.01 —1.8 17.8 6.25 116 3 
7. 10% albumin in water, 3.3 ce. 1 1.81 0 8& 6.03 134 1095 ec. in 21 min. 
Kg./min. 2 11.30 4.8 1.3 0.99 160 
3 8.92 9.0 1.70 164 Hl 
{ 160 
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TABLE 1.—Concluded 


Increase 


| Sam- | Cardi Atrial 
> : i -ardiac ria 
Experiment =, Output Pressure 
anes Over Con- 
| trol Value 
L/min. | cm, saline 
8. |feparinized horse blood, 3.08 | 1 1.10 0 
:./Kg./min. 2 3.37 | 8.3 
3 3.23 21.3 
4 2.65 30.3 
5 1.13 —0.5 
), Heparinized dog blood, 3.3 ce./ 1 34 0 
Ky./min. 2 .78 5.0 
3 1.07 8.5 
4 1.24 17.8 
5 1.10 11.8 
6 85 22.0 
€ Oe 31.3 
8 57 1.5 
10. 15°; albumin in modified Ring- 1 1.19 0 
er’s solution variable rate 2 3.05 10.3 
3 4.84 10.8 
4 4.33 12.8 
5 3.26 16.3 


*In each experiment the first sample represents the control 


Veno- . Mean 
; Arterio- “ 
Atrial Arterial r 
bas | venous Oz Blood Volumes Infused 
Difference Difference tae 
cm. saline vol. % mm. Hg vivian 
14.3 8.3 100 2865 cc. in 73 min. 
12.0 3.03 110 
3.15 136 
3.49 150 
As 100 
6.5 10.24 92 3500 cc. 
3.5 5.83 120 
0.5 5.58 134 
—0.8 4.07 154 
—1.0 6.30 136 
hs 5.52 144 
0.8 5.55 128 
3.3 8.63 106 
is 7.10 2730 ce. in 183 min. 
1.8 3.48 
LO 2.15 
0.5 1.94 
0.0 1.43 


values. Values below the cross line represent 


measurements made after cessation of the infusion, while the intermediate observations were made during the 


infusion’ 


IxXPERIMENTAL FINDINGS 

Hypervolemia was produced in morphinized 
dogs by intravenous infusion of various fluids, 
including blood, serum albumin solution:, and 
modified Ringer’s solution. Cardiac outputs 
were determined according to the Fick prin- 
ciple, using the blood oxygen technic of Van 
Slvke and Neill and the Benedict apparatus 
for recording oxygen consumption. Venous sam- 
ples were obtained from the right atrium by 
a cannula passed down from the external 
jugular vein. Arterial, venous, and atrial pres- 
sures were measured directly by means of mer- 
cury und saline manometers. 

Autopsies revealed pulmonary and hepatic 
congestion, pulmonary edema, and cardiac di- 
latation. 

Thc more pertinent experimental findings 
are presented in table 1. Pulse rates changed 
relatively little so that, in general, stroke vol- 
ume }aralleled minute output. (The relative 
const::ney of the pulse rate in these experiments 


was probably due to the narcotic for morphine 
is a strong vagal stimulant in the doses used.) 
Slight to moderate rise in arterial pressure 
occurred. The arterial oxygen saturation ex- 
hibited variable changes, being sometimes low 
during the control observations (apparently 
consequent to morphine narcosis) and at an- 
other times declining during the experiment 
(pulmonary edema). In several instances the 
arterial oxygen saturation remained above 95 
per cent throughout the experiment. The ar- 
terial oxygen content declined rapidly when 
albumin solutions were employed but remained 
essentially unchanged when blood was used 
for infusion. The arteriovenous oxygen differ- 
ence characteristically decreased after the start 
of infusion and increased again at the time of 
the fall in cardiac output; it usually did not 
become greater than the control value. Thus 
even after the onset of heart failure the cardiac 
output tended to be elevated in proportion 
to the oxygen consumption. 
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Venoatrial Pressure Difference. During the 
control periods the femoral venous pressure 
usually exceeded the right atrial pressure by 
2 to 7 cm. of water. When the infusion was 
begun, both pressures increased steadily and 
the pressure difference at first exhibited variable 
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Cardiac Output and Atrial Pressure. During 
the control period the atrial pressures, cardi: 
outputs, and arteriovenous oxygen differences 
exhibited wide variations in different dogs. 
However, the effects of the infusion were quali- 
tatively similar in all of the animals. Sever: 


Experiment B 
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® Final level reached by femoral pressure. 
@ Final level reached by auricular pressure. 
Bar graph represents Cardiac Output. 


Fic. 1.—Variation of venous and atrial pressures and cardiac output during infusion. A, Infused 
with 5 per cent albumin in distilled water, 3.3 cc. per Kg. per minute. The break in the curve has not 
been accounted for; bleeding may have occurred internally. B, Infused with 10 per cent albumin in 
modified Ringer’s solution 3.3 ec. per Kg. per minute. C, Infused with 15 per cent albumin in modified 
Ringer’s solution at a variable rate to keep atrial pressure constant, a total of 2,730 cubic centimeters. 
Note that the femoro-atrial venous pressure difference always decreased while the cardiac output was 
still increasing. Such a relationship could only result from an increasing size of the venous stream 


bed (see text). 


changes. Prior to the beginning of the decline 
in cardiac output the atrial pressure rose more 


rapidly and the two pressures approached each 
other. It should be emphasized that marked 
elevation of cardiac output was frequently en- 
countered at a time when the venoatrial pres- 
sure difference was sharply reduced. 


typical experiments are shown in figure 1. The 
atrial pressures and cardiac output values for 
all of the experiments are plotted in figure ~ 
With the progress of infusion, the atrial an: 
peripheral venous pressures increased steadi 
Accompanying the increased filling presst! 
was an initial rise of cardiac output. As the 
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in{ision continued the venous pressure con- found for the heart-lung preparation by Star- 
tined to increase, but the cardiac output be- ling. The plateau of this curve at the end 
oa! to rise less rapidly, and finally declined. in the intact animal was not found by Starling 
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Fic, 2.—Variation of cardiac output with right atrial pressure. All the experiments are repre- 
sented as graphs in which cardiae output is plotted against right atrial pressure during the time 
infusion was in progress. The points on the mean curve ‘‘B”’ are located on the mean ordinate and 
mean abscissa of all the points in each 5-em. rise of atrial pressure. It should be noted that the first 
portion of this curve has the same shape as the classical Starling curve for the heart-lung preparation. 
The failure of the latter portion of this curve to continue to decline is thought to be due to the pro- 
‘eetive effect of the pericardium. * 


Ii, at this point, the infusion was stopped, and may represent the effect of the pericardium 
the atrial pressure usually underwent a slight in preventing further dilatation of the heart. 
further increment for a minute or two and then 
slowly declined during the next hour. Stopping Discussion 
the infusion resulted in variable directional Interpretation of Experimental Observations 
alterations in cardiac output. The experiments which have been presented 
In one instance (table 1, Exp. 10) the atrial were highly artificial. Huge amounts of infusate 
pressiire was maintained at a constant and were required to produce heart failure. The 
some\vhat elevated level by varying the rate different animals exhibited marked variation 
of infi\sion. Later a spontaneous rise in pressure in quantitative relationships between venous 
occurred and this persisted after the infusion pressure and cardiac output. Nevertheless, the 
Was s' opped. qualitative responses were similar in all of the 
The mean curve of cardiac output in relation animals and were not different in the experi- 
lo atrial pressure (fig. 2) is similar to the curve ments characterized by anemic anoxia and elec- 
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trolyte dilution (owing to the administration of 
serum albumin solution) from the more physi- 
ological experiments (in which blood was ad- 
ministered). Two findings were constant. (1) 
As the infusion progressed and the venous 
pressure rose steadily the cardiac output first 
increased and then decreased. (2) The differ- 
ence between the peripheral venous and right 
atrial pressures at first increased or remained 
constant and them diminished even though 
the cardiac output was still rising. Since this 
observation appears somewhat paradoxic, its 
significance may now be considered. 


The quantitative aspects of the conditions de- 
termining the flow of a liquid througha set of rigid 
capillary tubes (Poiseuille’s law) are expressed by 
(P, — P2)xr* 

Sul 
volume flow, P; and P: are the pressures at the two 
ends of the tube, 7 is the radius, / the length, and 
u the coefficient of viscosity. In the body the two 
latter functions tend to be constant and since the 
blood vessels are not rigid, the formula does not 
apply quantitatively even to flow in the large vessels. 
For purposes of simplification a rough expression of 
the conditions existing in the veins may be achieved 
by combining the constants (8, 7, », and 1) and sub- 
stituting for r+ a value (R) related to the radius but 
not necessarily a fixed exponent thereof. The formula 
then becomes Q = A(P, — P2)R = KRP, — KRP.. 
It is apparent that the flow of blood into the atrium 
from the veins will depend on the difference in pres- 
sure and on the radius of the veins. If the latter 
factor remains constant, the atrial inflow will be in- 
creased by a rise in peripheral venous pressure and 
will be diminished by a rise in atrial pressure. If the 
pressures remain constant, the flow will be markedly 
affected by alterations in the cross-sectional diameter 
of the veins. The increase in size of the vascular 
system accounts for the difference in the cardiac 
output of an infant and an adult with the same 
venous and atrial pressures. When the filling of the 
atria and ventricles from the venous system is con- 
sidered, it is apparent that Poiseuille’s law is not 
applicable because one is no longer dealing with 
flow through rigid tubes but with flow into expansile 
chambers. However, the principle that certain fac- 
tors (corresponding to KRP,) tend to increase fill- 
ing and others (corresponding to ARP:) tend to 
decrease it is still valid. 


the formula Q = , in which Q is the 


The failure to find a strict parallelism be- 
tween venous pressure and cardiac output has 
been noted by others in studies on man and 
has led some to question the validity of the 
Starling concept of the relation between the 
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filling and the output of the heart. However, 
certain differences between the heart-lung prep- 
aration and the intact animal should be con- 
sidered. 

In the heart-lung preparation the pulse ra‘; 
and the peripheral resistance are artificial!, 
fixed, while in the intact animal these functio: 
are variable. Thus the adjustment of cardi. 
output to muscular exercise appears to be sv- 
complished not only by increase in heart rsie 
but also by decline in peripheral resistance .'° 
The latter adjustment makes it possible jor 
the heart to empty more completely during 
systole and hence to expel a greater volume 
per beat without increase in diastolic size or 
energy expended.'"' The decline in the volume 
of blood in the ventricle at the onset of diastole 


. 


RL 


will result in reduction of the ventricular dias- 
tolic pressure (P. in Poiseuille’s formula) and 
hence will cause increased filling if other factors 
remain constant. 

In the heart-lung preparation the venous 
reservoir is connected to the heart by relatively 
inflexible rubber tubing and hence the inflow 
into the heart will tend to vary directly with 
the height of the venous reservoir. In the intact 
animal the veins are readily distensible and 
any change in their radius (r in Poiseuille’s 
formula) will be reflected by a = marked 
difference in filling if other factors remain 
constant. 

These considerations make it clear that the 
conditions affecting diastolic inflow (and hence 
systolic output) are more complex in the intact 
animal than in the heart-lung preparation. The 
tendency to fill, i.e., the amount of blood 
“offered” the heart from the venous system, 
depends, in the intact animal, not only on the 
venous pressure but also on the cross-section: 
diameter of the veins. However, the actua! 
filling will depend, not only on these factors, 
but also on the pressure existing within th 
sardiac chambers during filling, i.e., on the 
atrial and ventricular diastolic pressures. [x 
vause of the large size of the atrioventricul:” 
orifices these pressures may be considered «5 
being essentially identical. 

The dynamics of ventricular filling may 
simplified by grouping together the factors 
which tend to increase and decrease this fun- 
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tion, respectively. One may therefore use the 
term “inflow load” (KRP, above) to designate 
the tendency of the venticle to fill or the 
amount of blood offered the ventricle.* The 
inflow load may be defined as the amount of 
blou! which would enter the ventricle during dia- 
stol: if the ventricular diastolic pressure remained 
at z.ro throughout diastole. However, the ven- 
tricular diastolic pressure does not so behave. 
At ihe onset of diastole its level depends on 
the smount of residual blood, i.e., on the com- 
pleteness of emptying of the previous systole. 
As blood enters the ventricle during diastole 
the pressure rises. Any increment of ventricular 
diastolic pressure causes impairment of filling 
(corresponding roughly to KRP? above) and 
hence is immediately reflected in a rise in 
atrial pressure. The actual filling of the ven- 
tricle therefore varies directly with the inflow 
load and inversely with the ventricular dia- 
stolic pressure. As a rough and qualitative 
approximation of conditions in the body, Poi- 
seuille’s formula may be modified and written 
as follows: Ventricular Filling= Inflow Load— 
Ventricular Diastolic Pressure. 

When the original Starling curve’ and the 
rather similar curve as obtained in these ex- 
periments (fig. 2) are examined in relation to 
these concepts, certain points emerge. (1) In 
the heart-lung preparation it is justifiable to 
consider venous pressure as a direct index to 
inflow load because the rubber tubing con- 
necting the venous reservoir is relatively rigid. 
(2) In the intact animal the veins are readily 
distensible and an initial slight rise in venous 
pressure will tend to cause increase in their di- 
ameter, while at high levels of venous pressure 
the veins are already fully distended and fur- 
ther slight increment of pressure will cause little 
or ho increase in venous diameter. Hence a lin- 
ear relationship between inflow load and ven- 
ous pressure does not exist in the intact animal. 
If other factors remain constant, minimal rise 
from ‘he normally low level of venous pressure 


*The term “venous load” is simpler and might 
seem } referable but has one important defect. Aortic 
and piilmonie insufficiency are states which tend to 
ineresse the inflow load without necessarily in- 
creasig the venous load. The term ‘“‘inflow load’’ 
will therefore be employed in the discussion to follow. 
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will tend to be reflected in large increments in 
cardiac output (table 1, fig. 2) but at high levels 
of venous pressure further increment will have 
little effect (fig. 2). (8) The plateau at the ter- 
minal portion of the curve in figure 2 is not found 
in the heart-lung preparation and is presumably 
due to the intactness of the pericardium. 


In the experiments reported in this study 
the heart at first responded to the increase 
in inflow load produced by the infusion by 
a well-marked increment in output. As the 
load was further increased the response became 
less marked and eventually the heart failed 
to respond further but actually pumped less 
blood than before. Since, over any significant 
period of time, the inflow and the output are 
necessarily the same, it is clear that the decline 
of output of the ventricles was necessarily as- 
sociated with decline of inflow. It is clear from 
the preceding discussion that such a decline 
of inflow in the presence of a steadily rising 
inflow load must have been induced by an 
increasing hindrance to filling, i.e., by a rise 
in the ventricular diastolic pressure. This in 
turn could have been only due to diminished 
completeness of systolic emptying and it is 
noteworthy that this occurred at a time when 
the actual cardiac output was 
elevated. 

The sequence of events as portrayed in figure 
2 was evidently as follows. During the initial 
phase of the infusion the infusate was evi- 
dently relatively evenly distributed through- 
out the venous system, the diastolic volume 
of the ventricle increased sharply with rela- 
tively little increase in systolic volume. (In 
fact it would appear that the systolic volume 
and the initial ventricular diastolic pressure 
may have diminished in those experiments in 
which the peripheral venous pressure rose more 
rapidly than the auricular pressure.) At a later 
stage of the infusion the systolic volume 
evidently increased at about the same rate 
as the diastolic volume and the cardiac output 
tended to remain relatively constant despite 
the rising venous pressure. At this time the 
rise in ventricular diastolic pressure was re- 
flected in a sharp rise in atrial pressure so that 
the femoral-atrial pressure difference decreased 


markedly 
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sharply. Under such circumstances the high 
level of output could have been sustained 
only by a large inflow consequent to an out- 
spoken increase in the diameter of the venous 
system. At a later stage of the experiments 
the absolute decline in cardiac output, despite 
the additional increment in filling pressure, 
could have been due only to an additional rise 
in ventricular diastolic pressure associated with 
a further sharp increase in systolic volume with 
a lesser or no increase in diastolic volume. 

The hemodynamic defect responsible for heart 
failure in these experiments is therefore clear. 
Heart failure occurred when cardiac output 
failed to keep pace with inflow load and this 
discrepancy was brought about by decline in 
filling consequent to increase in ventricular 
diastolic pressure. The increase in ventricular 
diastolic pressure was evidently due to passive 
vardiac dilatation as the result of incomplete 
systolic emptying, even though the actual sys- 
tolic output was much greater than normal. 
The experiments illustrate that the degree of 
systolic emptying and the systolic output may 
vary in opposite directions. 


Although the venous pressure rose steadily 
wh le the infusion was maintained, differences 
occurred in the rate of rise in different parts 
of the venous system. Initially the increment 
in the femoral vein was the same as or slightly 
greater than that in the right atrium. Soon, 
however, the pressure began to rise more 
rapidly. in the atrium than in the periphery. 
Since it is generally agreed that heart muscle 
lacks tone (in the sense of active resistance 
to filling), such a sequence seems to indicate 
that blood was accumulating in the atrium 
at a faster rate than in the veins. This points 
to some factor causing hindrance to atrial emp- 
tying and this was evidently the rise in ventric- 
ular diastolic pressure. 

Thus there were two factors responsible for 
rise in atrial and venous pressure in the ex- 
periments. One of these was the increase in 
blood volume which was the chief quantitative 
determinant, i.e., the chief factor responsible 
for the absolute values of venous pressure. 
The other was alteration in blood distribution 
with a relative shift toward the heart and 


away from the periphery. This was apparently 
the result of rise in ventricular diastolic pres- 
sure and was the chief qualitative determinant, 
i.e., the factor responsible for the difference 
in the degree of rise in pressure in the centr: 
and peripheral portions of the venous systen. 
Since it has been amply demonstrated that, iy:- 
crease in blood volume,!: : ™ decrease in ven:- 
atrial pressure difference,* and increase in ve 
tricular diastolic pressure': '® occur in patien 
with congestive heart failure, it would appe:ir 
likely that the same quantitative and qualitativ« 
determinants of venous pressure are operative 
in such individuals. Whether or not a third 
factor, increase in venous tone, which has been 
thought to be operative in causing increase 
in venous pressure in patients with heart failure" 
was operative in these experiments is uncertain 
from the data. 


‘ 


Le 


Some Possible Relationships between the Experi- 
mental Findings and Heart Failure in Patients 


It is now generally agreed that while most 
patients with congestive heart failure exhibit 
decline in the cardiac output per minute, this 
function may be normal or even increased.” *: 7 
Hence the old conception that the mani- 
festations of heart failure are to be ascribed 
to absolute decline in output is no longer con- 
sidered valid. However, the idea that heart 
failure is necessarily associated with inade- 
quacy of output relative to the needs of the 
body": '* is widely accepted and is supported 
by much recent evidence. 

Inadequacy of cardiac output relative to 
metabolic needs cannot be considered the fun- 
damental hemodynamic disturbance responsible 
for heart failure produced by massive infusion. 
Here heart failure is accompanied not only 
by absolute increase in cardiac output but 
also by increase in output relative to oxygen 
consumption. Two alternative conclusions ar 
possible. The first is that heart failure is 0! 
more than one basic type and that the differen: 
types have fundamentally different mech: 
nisms. The second is that there may |! 
a mechanism common to all heart failure bi 
that this mechanism is not inadequacy of ¢a 
diac output relative to metabolic needs. Tlic 
latter hypothesis may now be considered. 
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I’ has been pointed out that experimental 
hypervolemic heart failure (table 1, fig. 2) was 
regularly associated with inadequacy of car- 
diac output relative to inflow load and evidence 
has been cited for the opinion that the dis- 
crep:ncy was dependent on rise in ventricular 
diasiolie pressure. The question arises as to 
wheiher similar mechanisms may be concerned 
in all types of heart failure. 

Studies with the catheter method are in 
gencral agreement in indicating that right ven- 
tricular diastolic pressure is elevated in patients 
with systemic congestion.*: 4: !> Measurements 
of left ventricular pressure are as yet few but 
such as have been made have indicated eleva- 
tion'’ in patients with pulmonary congestion 
and this is supported by the more numerous 
studies which have shown elevation of pulmo- 
nary arterial?’ and right ventricular systolic pres- 
sures! in such patients with left-sided heart 
failure. One might therefore be tempted to 
draw the conelusion that failure of the left 
and right sides of the heart is always associated 
with elevation of diastolic pressure in the cor- 
responding ventricle. Such a conclusion would 
be true in most patients but would in all 
probability be incorrect when applied to heart 
failure in general. 

The literature does not seem to contain any 
references to measurements of ventricular dia- 
stolic pressures in patients with advanced 
stenosis of the corresponding atrioventricular 
orifices. Nevertheless, there is good, although 
indirect, evidence that such pressures are not 
elevated and may actually be reduced. In con- 
trast to the marked dilatation and hypertrophy 
of the remaining cardiac chambers the left 
ventricle is sometimes found to be small and 
atrophic in patients with advanced mitral 
stenosis. Since it is very unlikely that the left 
ventricular diastolic pressure could be elevated 

in such patients, the concept of elevation of 
ventricular diastolic pressure as the least com- 
mon denominator and the sine qua non of 
all heart failure is untenable. 

Atrial pressure is of course elevated in pa- 
tients with mitral and tricuspid stenosis and 
one night be tempted to conclude that eleva- 
tion of atrial pressure is present in all patients 
wit! heart failure. However, such is not neces- 
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sarily the case in patients with combined failure 
of the heart and periphery. It is probably true 
that in the absence of coexisting peripheral 
failure (such as may result from excessive so- 
dium depletion) heart failure is always asso- 
ciated with elevation of atrial pressure, but it 
would not be correct to say that the presence 
of such elevation is an absolute necessity for 
heart failure. 

It has been pointed out that heart failure 
produced by experimental hypervolemia is 
characterized by inadequacy of output in rela- 
tion to inflow load. Although complete data 
are not available, such data as exist concerning 
cardiac output, venous pressure, atrial pressure, 
intrathoracic blood volume, and size of the 
great veins as observed at the bedside and 
at the autopsy table suggest that a similar 
inadequacy exists in all instances of clinical 
heart failure.* The same discrepancy is found 
in that appearing in the heart-lung preparation 
whether occurring spontaneously or dependent 
on excessive peripheral resistance or due to 
excessive elevation of the venous reservoir. The 
same discrepancy exists when heart failure ap- 
pears suddenly as the result of temporary or 
lasting disturbances of rhythm; although quan- 
titative studies are lacking, the clinical evidence 
of reduction in output despite prominence of 
the neck veins appears conclusive in these cir- 
cumstances. 

Increase in inflow load alone cannot be re- 
garded as evidence of heart failure, for this 
occurs in normal persons during physical exer- 
cise and appareytly in many diseases such as 
febrile illnesses, thyrotoxicosis, and anemia.t} 


* Since heart failure due to severe anemia may be 
accompanied by decline rather than increase in blood 
volume,® it might be considered that the inflow load 
is not increased under such circumstances. However, 
the inflow load is related not to the total blood volume 
but to the volume of blood in the great veins and 
these are distended in such patients, as has been 
pointed out by MeMichael.'* The active constriction 
of the peripheral venocapillary bed which appears to 
be present in patients with severe anemia® apparently 
tends to increase inflow load by causing a shift of 
blood to the central portions of the venous system. 

+ The evidence that inflow load is increased in 
these conditions is not based on quantitative meas- 
urements but on clinical findings of prominence of 
the large veins. The increase in cardiac output could 


352 EXPERIMENTAL HYPERVOLEMIC HEART FAILURE 


Decline in cardiac output alone does not signify 
heart failure for this is the classical hemodyna- 
mie disturbance of peripheral circulatory fail- 
ure. The available evidence indicates, therefore, 
that the invariable and fundamental hemody- 
namic disturbance of heart failure is decline 
in output relative to inflow load or, conversely, 
elevation of inflow load in relation to cardiac 
output. 


The question naturally arises as to whether, 
aside from the fundamental discrepancy be- 
tween inflow load and output, the type of 
heart failure induced in animals by massive 
infusions bears any similarity to clinical states. 
Patients with acute nephritis and desoxycorti- 
costerone intoxication may display the classical 
signs of increased cardiac output (accentuation 
of the heart sounds, moderate tachycardia, 
bounding pulse, elevation of pulse pressure) 
even when cardiac failure is present. However, 
such signs are not always encountered; other 
factors such as hypertension or myocardial le- 
sions are usually present, and in any case 
actual measurements of cardiac output are lack- 
ing in such states. Heart failure is frequently 
precipitated in elderly subjects by the too zeal- 
ous administration of fluids. In such instances 
the hypervolemia is rarely if ever the sole 
factor; pre-existing hypertension or senile heart 
disease is nearly always present even though 
asymptomatic. 

The most common example of hypervolemia 
as a precipitating cause of heart failure is 
acute pulmonary edema. Such attacks are now 
believed to be in many instances due to the 
nocturnal reabsorption in the recumbent posi- 
tion of excess fluid accumulated during the 
day in the upright position.”': * However, the 
hypervolemia is not the sole (or even the main) 
-ausative factor; valvular lesions, hypertension, 
or myocardial disease is always also present. 

It will be evident from the foregoing discus- 
sion that primary hypervolemia, while a fre- 
quent cause of heart failure when occurring 


also be induced by decline in peripheral resistance 
with consequent increased degree of systolic empty- 
ing, diminished residual blood, and reduction of 
ventricular diastolic pressure. The relative impor- 
tance of the two mechanisms in causing the rise in 
-ardiac output is uncertain at present. 


in conjunction with other cardiac disorders, 
‘arely if ever causes heart failure in the absence 
of coexisting disturbances which either increase 
the burden on the myocardium or injure jt 
directly. 


Hypervolemia as a cause should not be co)- 
fused with hypervolemia as a result of heat 
failure. Chronic congestive failure is usually 
associated with an increase in blood yol- 
ume,': :»' the mechanism of which remains 
obscure. This secondary hypervolemia may !e 


compensatory in the sense of serving to elev:te 
inflow load and hence to maintain cardiae out- 
put (provided the heart is in a functional st:te 
corresponding to the left or ascending limb of 
the Starling curve); it is also frequently harmful 
in tending to aggravate the congestive phie- 
nomena. The clinical improvement induced 
by reduction of blood volume consequent to 
venesection or diuretic drugs illustrates the 
harmful effects of this compensatory mech- 
anism. 


Primary hypervolemic heart failure is one 
example of the condition which MeMichael 
and Sharpey-Schafer® have designated high- 
output failure. Other examples of high-output 
failure are disorders associated with primary 
disturbances in tissue oxidative processes (cor 
pulmonale with arterial anoxia, anemia, thyro- 
toxicosis, beriberi) and arteriovenous shunts. 
It would appear that the mechanism common 
to these several disorders is primary increase 
in inflow load. 


The Classification of Heart Failure 


The clinical classification into forward and 
backward types according to whether the 
dominant manifestations are mainly those oi 
a shocklike state or of congestion has the ad 
rantages of simplicity and of often furnishing 
a guide to treatment. Among the disadvantage- 
of such a classification are: (1) the confusion 
which may arise concerning forward failw 
because of the lack of comprehension of th: 
distinction between the degree of systolic em} 
tying and the actual stroke volume (see above 
(2) the fact that all heart failure which is no! 
complicated by coexistent peripheral failuic 
is fundamentally backward in the sense of 
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TABLE 2.—Classification of the General Circulatory Disorders 


| | | 

damental Mechanisms Common Synonyms Major Subgroups | Examples Remarks 

| 

A. Primary Disorders of Cardiac Filling 

| 

1. Defective blood |Hemorrhage, Blood volume too small 

f inflow load tory failure. Shock; volume (hemato-| trauma, dehydra-| for peripheral vascu- 
genic shock) | tion lar bed, consequent 
Increased size of| Emotional syncope, | deficiency of venous 
peripheral bed peonineed syncope return 


(neurogenic and | 
vasogenic shock) 


Primary deficiency Peripheral circula- 


*rimary excess of Overactive heart. . Disturbances in |Thyrotoxicosis, ane- Elevation of inflow load 
nflow load with) Hyperkinetic syn- tissue oxidative mia, beriberi, with 


parallel eleva- 
idequate systolic drome. processes 


tion of cardiac output 
mptying . Arteriovenous A-V fistula, patent 
shunts ductus arteriosus 
3. Primary hyper- |Acute nephritis, 
volemia rapid infusions 


III. Primary excess of High output failure |As above As above. Also many Elevation of inflow load 
inflow load with in- instances of acute) without correspond- 

pulmonary edema! ing elevation of car- 

diae output. (Myo- 

sardial disease or re- 


adequate systolic 
emptying 


sistance to emptying 
usually also present) 


IV. Mechanieal hin- Mechanical (i.e., . Cardiac Tampo- |Pericardial effusion Digitalis resistant heart 
dranee to ventrie- nonmyocardial) nade Constrictive peri- 
ular filling heart failure carditis 

. Stenosis of atrio-|Mitral stenosis 
ventricular valves} 
3. Rarer conditions |Ball valve thrombus 


failure 


Auricular tumors 


B. Primary Disorders of Cardiac Emptying 


I. Primary inerease 

in resistance 

a. Rapid onset Acute cor pulmo- |Pulmonary embo- Collapse marked; con- 
without second- nale 
ary hyper- 
volemia 

h. Slow onset with . Resistance at 
secondary hy- 


lism gestion slight 


Aortic stenosis Congestion marked; col- 
semilunar orifices | lapse absent or mini- 
pervolemia . Resistance in Coarctation mal 

aorta | 

Resistance in |Hypertension 

arterioles | 


II. !'rimary decline in 
myocardial 
function 
. Rapid onset Sudden death Asystole Ventricular fibrilla- |Forward failure of the 
without second- tion or standstill heart; collapse mark- 
ary hypervole- |Cardiac syncope 2. Sudden brady-  |Adams-Stokes seiz- | ed, congestion slight 
mia cardia | ures 
\Carotid sinus syn- 
cope 
Cardiac collapse 3. Ectopic tachy-  /Auricular fibrilla- 
cardia | tion 
4, Acute myocardial) Myocardial infare- 
injury | tion 
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Fundamental Mechanisms 





Common Synonyms 





secondary hy- 
pervolemia 


ciency; classical 
heart failure 










other 






other 












elevation of atrial pressure, (3) the mistaken 
assumption that the term backward failure 
implies that the congestive phenomena are en- 
tirely the direct result of “‘back pressure” when 
actually hypervolemia is the more impor- 
tant cause, and (4) the coexistence of the two 
states. 

The topographic classification of heart failure 
recognizes pericardial (tamponade), myocar- 
dial, and endocardial types. The difficulty with 
this classification is that while the pericardial 
and myocardial types each have distinctive 
mechanisms (primary failure of diastolic filling 
and primary failure of systolic emptying, re- 
spectively) no such unity exists for the various 
disorders of the endocardium. Thus resistance 
to emptying, excessive filling, and resistance 
to filling represent the essential mechanisms 

















of aortic stenosis, aortic insufficiency and mi- 
tral stenosis, respectively. 
A phsysiologic classification of heart failure 







should have the advantage of emphasizing the 
fundamental mechanisms and hence of furnish- 
ing a guide to management. Such a classifica- 
tion based on the general principles which have 
been discussed in this communication is pre- 
sented in table 2. For the sake of clarity the 
other major general disturbances of the cir- 
culation are included, but disturbances involv- 
ing local areas only (hemorrhage, thrombosis, 
embolism, and the like) are omitted. It should 













be noted that the classification as presented 
in table 2 is not all-inclusive. Thus primary 









Major Subgroups 


b. Slow onset with Myocardial insuffi- (1. Inflammatory 
2. Degenerative 


Defective filling of one ventricle with defective emptying of the Mitral stenosis 


Deficient systolic emptying plus deficient inflow load 
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TABLE 2—Concluded 


Examples Remarks 


Myocarditis Backward failure; coi- 

Senile heart dis- gestion marked; ¢|- 
ease; coronary ar- lapse minimal or a))- 
teriosclerosis sent 


C. Mixed Types 


Examples only; other 
mixed types occur. 


Excess inflow load on one ventricle with defective emptying of the Aortic insufficiency 


Heart failure with 
excessive sodium 
depletion 


deficiency of inflow load (A.I., table 2) could 
be subdivided into: (1) with adequacy of sys- 
tolic emptying (i.e., the usual types of periph- 
eral failure when not complicated by myo- 
cardial failure) and (2) without adequacy of 
systolic emptying (i.e., advanced peripheral 
failure complicated by heart failure as the re- 
sult of prolonged deficiency of coronary flow). 
Similarly there should theoretically be a dis- 
order characterized by primary excess of car- 
diac emptying. Definitive evidence that such 
a disorder exists is lacking. 


The starting point of this discussion was the 
observation that heart failure may exist in- 
dependently of absolute decline in cardiac out- 
put or of decline relative to the metabolic 
needs. It was pointed out that in the absence 
of coexisting disorders of the peripheral circu- 
lation myocardial failure is always associated 
with elevation of ventricular diastolic pres- 
sure and consequent elevation of atrial pressure 
This elevation of ventricular diastolic pressure 
is due to incomplete systolic emptying which 
is commonly caused by a decline in strok 
volume. However, under certain conditions 
(e.g., primary increase in inflow load as ex 
emplified by heart failure due to excessive in 
fusion) the decline in systolic emptying ma) 
occur despite a normal or elevated level © 
stroke volume. The sine qua non of myocardi: 
failure is therefore to be found not in the cardi: 
output but in the completeness of the cardi: 
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emp’ ving, i.e., in the degree of dilatation and 
the degree of rise in the intracardiac pressures. * 

Al heart failure is not myocardial, however. 
When the pericardium is at fault, the defect 
is no! in emptying but in filling and the rise 
in pressure in the ventricle presumably first 
appears not at the beginning but at the end 
of disstole. When certain types of endocardial 
disenve (stenosis of the atrioventricular valves) 
are present, the atrial pressure may be elevated 
despite normal or low values for the ventricular 
diastolic pressure. The conclusion that in- 
creased satrial pressure is invariably present 
in heart failure is, however, invalid; such need 
not be the case when cardiac and peripheral 
failure coexist. 

All of the available information, whether 
obtained by quantitative measurement or by 
simple clinical observation, indicates that these 
various types of heart failure are uniformly 
attended by defective output in relation to 
inflow load. This concept appears to be equally 
applicable to the heart-lung preparation, to 
the patient dying suddenly of ventricular fibril- 
lation, to individuals with acute or chronic 
congestive heart failure. Pending additional and 
more complete knowledge it appears justifiable 
to define heart failure as a condition in which 
the cardiac output is inadequate in relation 
to the filling load. 


SUMMARY 


1. \ group of experiments is described in 
which dogs were infused rapidly with large 
volumes of fluid. The atrial and femoral venous 
pressures rose steadily during infusion; the car- 
diac output rose toa peak and then dropped. 
The gradient of pressure along the veins de- 
creased progressively during the infusion. 


2. It is concluded that the hemodynamic 


defect in primary hypervolemic heart failure 


here is strong evidence!!: 16 that the normal 
vent icles do not empty completely. The question of 
the legree of incompleteness, i.e., the amount of 
resi ial blood necessary to produce rise in ventricu- 
lar \iastolie pressure and secondary decline in filling, 
is 0). e concerning which there is no exact information. 
Clinical experience would suggest that gallop and 
det: ctable dilatation by x-ray examination may be 
ear! v indications of rise in ventricular diastolic pres- 
su. but quantitative data are lacking. 


is the heart’s inability to respond to an in- 
creasing filling load beyond a certain point. 

3. Filling in the heart-lung preparation is 
contrasted to that of the whole animal. From 
considerations concerned with the flow of fluids 
through tubes it is concluded that the diameter 
of the veins has more influence than the venous 
pressure on volume flow, and that the intact 
animal differs from Starling’s heart-lung prep- 
aration not only in respect to varying periph- 
eral resistance but also in that the veins may 
vary in diameter. This is illustrated by the 
experiments in which only a rough correlation 
exists between venous pressure and cardiac 
output. It is suggested that the concept of 
inflow load, incorporating venous pressure and 
venous diameter, supplant that of venous pres- 
sure as the stimulus to changes in stroke output 
of the heart. 

4. The actual flow into the ventricle depends 
on the relationship between the inflow load 
and the ventricular diastolic pressure. Thus 
a decline in the latter function may occur when 
diminished peripheral resistance leads to in- 
creased systolic emptying and under such cir- 
cumstances increased inflow and output may 
occur with constant inflow load. 

5. It is pointed out that if ventricular dias- 
stolic pressure rises, the inflow load must in- 
crease to keep the inflow and output the same. 
In addition, it is emphasized that rise of ven- 
tricular diastolic pressure is a consequence of 
incomplete emptying of the ventricle and ex- 
cessive residual blood, and that this may occur 
not only when the cardiac output is low but 
also when the eardiac output is high. It is 
suggested that the only hemodynamic disturb- 
ance constant to all types of heart failure is 
that the cardiac output is reduced relative 
to the inflow load. 

6. It is pointed out that hypervolemia may 
be either primary and a cause of cardiac failure 
or, much more commonly, secondary and a 
result of heart failure. 

7. The point is made that in states of myo- 
cardial failure the rise in ventricular diastolic 
pressure necessarily results in a distributional 
shift of blood from the peripheral toward the 
central portions of the venous system. 

8. The relationship between blood volume 
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and venous pressure is considered. If venous 
tone remains constant, the venous pressure 
is determined by total blood volume and by 
blood distribution. 

9. On the basis of these considerations a 
physiologic classification of heart failure and 
other circulatory disturbances is presented. 
This classification attempts to consider the 
circulatory disturbances from the standpoint 
of primary alterations in filling and emptying 
of the heart respectively. 
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Catheterization of the Left Side of the Heart in Man 





By Henry A. ZimMERMAN, M.D., Roy W. Scorr, M.D., AnD NorMAN O. BEckErR, M.D. 


The technic employed in catheterization of the left heart in man is described. A catheter is intro- 
duced into the left ulnar artery and passed through the brachial, axillary and subclavian arteries 
nto the arch of the aorta. With the tip of the catheter at the root of the aorta, we have suc- 
eeded in entering the left ventricle only in patients with free aortic insufficiency due to syphilis. 
failure to pass the aortic valves in normal subjects is discussed. 


|NCE the earlier work of Cournand and 

Ranges,! Stead and his associates, Me- 

Michael and Sharpey-Schafer,? and 
others, catheterization of the right ventricle 
and pulmonary artery in man has become a 
standard procedure which not only supplies 
valuable data in the accurate diagnosis of con- 
genitally malformed hearts, but which is also 
applicable to the study of a variety of prob- 
lems in the cardiovascular field. A considerable 
experience with catheterization of the right 
side of the heart prompted us to try the pro- 
cedure on the left side. 

Catheterization of the left side of the heart 
presents obvious problems not encountered on 
the right side. The catheter must move retro- 
grade against arterial pressure while arterial 
vasospasm may be so marked that the catheter 
cannot be passed forward. After reaching the 
aortic root it must be moved through the 
orifice into the left ventricle against the blood 
column and in that short ejection interval (0.22 
second) during which the aortic valves are 
open. 

The exact position of normal aortic leaflets 
during ventricular systole in the intact heart 
isnot known. If the pressure difference in the 
left ventricle and aorta were the only factors 
concerned the valves would lie snugly against 
the intima of the aorta, but other subsidiary 
forces may actually move the valve toward a 
position of closure during the ejection phase. 

As Wiggers' has stated, “Among these ac- 
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cessory forces, two deserve consideration: (1) 
the production of a turbulent flow with the 
formation of eddies behind the valves, thus 
supplying the force by which they may be 
partially closed during the process of ejection, 
and (2) the negative pressure which develops 
in the axial stream when a jet is suddenly 
stopped. Into this area of negative pressure, 
fluid is drawn from the sides much as water 
into the wake of a ship and the valves are 
‘arried with the blood.” 

That the normal aortic orifice may not be 
“wide open” during systole is suggested by the 
fact that to date we have been unable to by- 
pass the valves and enter the left ventricle in 
five normal subjects. The axial aortic pressure 
probably forces the catheter tip to the side, 
and as it moves toward the orifice it enters the 
sinus of Valsalva. In a person with free aortic 
insufficiency, particularly that due to syphilis, 
the possibility of entering the left ventricle 
would appear to be much better than in the 
normal subject and this has proved to be the 
nase. 


TECHNIC 

The ulnar artery was selected for the intro- 
duction of the catheter because of its size; it is 
readily accessible and if necessary may be li- 
gated with impunity. The artery is exposed at 
the juncture of its upper and middle third 
which is 8 to 9 em. distal to the medial epi- 
condyle of the humerus. Here the artery is just 
beneath the flexor carpi ulnaris muscle and lies 
on the flexor profundus digitorum with the 
ulnar nerve parallel and medial. With the left 
arm supinated, the operative field is infiltrated 
with a 1 per cent solution of procaine. A 2-cm. 
incision is made parallel to the median border 
of the flexor carpi ulnaris and carried through 
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the skin and superficial fascia. The dissection 
is made obliquely inward toward the ulna and 
the nerve and artery are readily exposed. The 
periarterial tissue is now infiltrated with a 1 per 
cent solution of procaine and the vessel com- 
pletely isolated. Proximally and distally to the 
site of the opening are placed two small um- 
bilical tapes to control hemorrhage. 

A catheter corresponding in size to the artery 
(usually a no. 6 intracardiac catheter) is se- 
lected, and a stylet is inserted according to the 
technic of Bing,® taking care that the stylet is 
about 2 mm. from the catheter tip. The 
‘atheter is then well lubricated with sterile 
olive oil and filled with a 0.01 per cent solution 
of heparin in normal saline. A continuous flow 
of the heparin solution (20 to 30 minims per 
minute) is maintained through the catheter by 
means of a specially designed electric pressure 
pump, except at such times as pressures are 
being recorded or blood samples are being with- 
drawn. A 3 to 4-mm. longitudinal incision is 
made in the arterial wall through which the 
‘atheter is introduced and under the fluoro- 
scope passed at once through the brachial, 
axillary, and subclavian arteries and into the 
arch of the aorta. In some cases we were able 
with one motion to pass the catheter from the 
ulnar artery into the cavity of the left ven- 
tricle. The quicker and smoother the catheter 
is moved forward, the less difficulty one has 
with vasospasm and, once the catheter is com- 
pletely withdrawn, further attempts to rein- 
troduce it are usually unsuccessful. Failure to 
pass the catheter beyond the junction of the 
subclavian artery with the aortic arch occurred 
in 20 per cent of our patients with aortic in- 
sufficiency, but having entered the ascending 
aorta to the level of the aortic valves, failure 
to pass the orifice into the cavity of the left 
ventricle has occurred in only three instances. 
When the catheter tip reaches the aortic root 
the heparin solution is replaced by the pa- 
tient’s heparinized blood until the cavity of the 
left ventricle is entered. 

After the desirable data are recorded, the 
catheter is withdrawn and the incision in the 
ulnar artery is closed with interrupted 6-0 
Deknatel sutures. The fascia and skin are closed 
with interrupted, black silk sutures and a light 


pressure dressing is applied. In one patient we 
were unable to repair the ulnar artery and 
were forced to ligate it but no untoward effects 
resulted. Immediately following catheterization 
the patient is given 75 mg. heparin intramis- 
cularly every six hours for three days. 


RESULTS 
In 11 patients with syphilitic aortic insuifi- 
ciency we have succeeded in reaching the caviiy 
of the left ventricle with no untoward com))li- 
‘ations. Figure 1 shows the position of the 
‘atheter in both the left and right side of the 





Fic. 1.—An x-ray photograph showing the position 
of the catheters in both sides of the heart. 


heart in the same patient. In one patient with 
rheumatic aortic insufficiency, during the at 
tempt to move the catheter into the left ven 
tricle, the subject suddenly complained of sub 
sternal pain and the electrocardiogram which 
was being recorded showed the abrupt appear 
ance of ventricular fibrillation. The cathete: 
was immediately withdrawn. Nine cubic centi 
meters of 1 per cent solution of procaine with 
0.5 ec. of a 1:1000 solution of adrenalin were 
injected directly into the heart without effec: 
on the cardiac mechanism. The heart was the: 
exposed and massaged. This resulted in tl 
restoration of a sinus rhythm, but the ventri: 
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ular contractions were feeble and fifteen min- 
ute: after the onset of ventricular fibrillation 
the ieart ceased beating. At autopsy, the heart 
weighed 550 grams and exhibited a rheumatic 
scarred mitral and aortic valve, the latter being 
fused and retracted. A careful search was made 
for nuy evidence of trauma to the root of the 
aorts, the aortic valves, or coronary ostia, but 
none was found. The ostium of the left coro- 
nary artery was anomalous in that it was 
situated 3 mm. above the normal site. The cir- 
cumstances under which the patient expired 
naturally led to the assumption that the cathe- 
ter had entered and partially or completely 
blocked the ostium of a coronary artery, pre- 
sumably the left coronary, resulting in ven- 
tricular fibrillation. Histologic sections of the 
myocardium showed active rheumatic inflam- 
mation with many Aschoff bodies which prob- 
ably lowered the threshold for the induction of 
ventricular fibrillation in this heart. 

In a patient who died four days after cathe- 
terization from congestive failure, a careful 
search post mortem revealed no evidence of 
trauma of the aorta, aortic valves, or endo- 
cardium of the left ventricle. In one patient, 
premature ventricular contractions and in 
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another, short runs of ventricular tachycardia 
occurred, but in both, a sinus rhythm was re- 
stored by moving the tip of the catheter. 


SUMMARY 


A method for the catheterization of the left 
ventricle in man is described. The left ven- 
tricle was entered in 11 patients with syphilitic 
aortic insufficiency with no untoward results 
but one patient with rheumatic aortic insuffi- 
ciency and active rheumatic myocarditis suc- 
cumbed from ventricular fibrillation. 
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Dissecting Aneurysm of the Aorta: Its Clinical, 
Electrocardiographic and Laboratory Features 


A Report of Fifty-eight Autopsied Cases 


By Davin C. Levinson, M.D., DonaLp T. EpMEApbEs, M.D., AND GrorGE C. GriFritH, M.!), 


The literature has been reviewed, and 58 autopsied cases of dissecting aneurysm of the aorta ob- 
served at the Los Angeles County Hospital over a ten year period have been carefully studied. 
Clinical-pathologic correlation has been attempted whenever possible, with emphasis on diagnostic 
features. The increasing incidence of accurate diagnosis of dissecting aneurysm has been noted, 
and it is hoped that this review will help solidify the clinical syndrome or syndromes of the con- 
dition and thus facilitate diagnosis in dubious instances. 


ESPITE the recent excellent reviews 
and publication of case reports of dis- 
secting aneurysm by David, McPeak, 

Vivas-Salas, and White,' Leitch,? Sailer,’ and 
others, it was felt that by reviewing a relatively 
large series of cases some valuable data might 
be uncovered. The diversity of symptoms in 
the clinical syndromes presented by dissecting 
aneurysm cannot be overemphasized if the per- 
centage of correct antemortem diagnosis is to 
be increased. The importance of a correct diag- 
nosis may grow if surgical treatment should 
prove effective. Secondly, the mechanism be- 
hind the occurrence of the diastolic murmur 
needs further study. Finally, the electrocardio- 
gram hitherto has been said to show either 
normal or nonspecific tracings, and it was felt 
that these were statements which needed 
further clarification in view of the known 
courses of dissection in this disease. 


HisroricaL BACKGROUND 


Dissecting aneurysm is the lesion produced by the 
penetration of circulating blood into the wall of the 
aorta, and subsequent extension for a varying dis- 
tance resulting in a separation of the layers of the 
vessel wall. An intravascular hematoma may arise 
from hemorrhage of the vasa vasorum, and have no 
communication with the lumen of the vessel, or the 
hematoma may communicate with the lumen of the 
vessel through one or more intimal tears. Commonly, 
rupture occurs either back into the lumen via an 
intimal tear, or into the exterior by perforation of 
the adventitia. 
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Vesalius,! in 1557, was the first to diagnose an 
aneurysm. This aneurysm occurred in a man who 
developed a pulsating abdominal tumor after falling 
off a horse. Sennertus,® in 1628, maintained that the 
immediate cause of an aneurysm was the rupture of 
the internal coat with elevation and distention of 
the external coat. This was supported by Searpa® 
in 1804. Nicholls,? in 1768, in reporting the cause of 
death of King George II, which occurred while 
straining at stool, described an aneurysm within 
the coats of the aorta, accompanied by a large in- 
timal tear and rupture into the right ventricle. He 
attributed this to the greatly increased intravas- 
cular pressure at the time of death. Morgagni,° in 
1760, cited the above case, and reported several 
cases of his own in which the blood had made its 
way by degrees through the vessel wall. Maunoir,’ 
in 1802, first clearly described dissection of the 
arterial coats by blood. Laennec,'® seventeen yezrs 
after Maunoir, also described this condition, and 
was the first to use the term ‘“aneurysme dis- 
sequant.’’ Unfortunately, much of the credit be- 
longing to Maunoir has been given to Laennee. 
Shekelton,"' in 1822, was the first to describe 
“healed” dissecting aneurysm in which there was 
re-entry at a lower level in the aorta, allowing 
circulation of blood through the false sac. Pennock," 
in 1839, described the first case recorded in the 
American literature, and demonstrated that dis 
section takes place in the laminae of the media. As 
early as 1855, Swaine, Keyworth, and Latham 
reported the first case of dissecting aneurysm to | 
diagnosed correctly antemortem. 


INCIDENCE 

The recent literature was reviewed, an 
records of approximately 734 cases of dissectin; 
aneurysm of the aorta were found. In 88 (10. 
per cent) of these cases a correct antemortet) 
diagnosis had been made. Shennan,'* who 1 
viewed the literature up to 1933, was able |) 
collect 317 cases, of which only 6 (1.8 per cen 








wer correctly diagnosed antemortem. The 
present report is based on the study of 58 
case- of dissecting aneurysm demonstrated at 
autopsy at the Los Angeles County Hospital 
from 1935 to 1947, inclusive. Of this group, a 
correct antemortem diagnosis was made in 16 
instances (27.5 per cent). During the same 
perio, there were 18 cases in which dissection 
localized to the abdominal aorta was found at 
necropsy. These cases will be the subject of a 
future report. 

Awopsy Incidence. The autopsy incidence of 
dissecting aneurysm at the Los Angeles County 
Hospital from 1935 to 1947, inclusive, was one 
in 447 subjects. David, McPeak, Vivas-Salas, 
and White! reported an incidence of one in 128 
autopsy subjects at the Massachusetts General 
Hospital from 1937 to 1946. A recent review by 
Warren and MeQuown" disclosed an autopsy 
incidence of one in 450 subjects at the Charity 
Hospital. Their findings were almost identical 
in this respect to those of the present study. 
MeGeachy and Paullin,'® in 1937, reported an 
autopsy incidence of one in 500 subjects. Flax- 
man,” in 1942, found one dissecting aneurysm 
in every 714 autopsy subjects at the Cook 
County Hospital. That these figures may be 
misleading was evidenced by the excellent re- 
port of Mote and Carr,'* who reported 60 cases 
of dissecting aneurysm during autopsy exami- 
nations by the San Francisco Coroner’s Office 
over a five-year period (1933-1937). This 
greatly exceeded the incidence of dissecting 
aneurysms in other hospital examinations in 
San Francisco over the same period. This re- 
port confirms the suspicion that dissection often 
occurs without antecedent history or warning, 
resulting in death within minutes to hours, and 
also, ‘hat the actual incidence of this entity 
ismuch more frequent than one is led to believe 
irom the various autopsy statistics, most of 
which come from large general hospitals. 

Aq Incidence. The greatest frequency of dis- 
sectil g aneurysms (table 1) occurred in persons 
between the fifth and seventh decades of life. 
Thir' y-six of the 58 cases occurred during this 
period. The oldest patient was a 90 year old 
Neg’, and the youngest, a 22 year old Negro. 
The oldest patient whose record was found in 

the ‘iterature was a 100 year old woman, and 
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the youngest a 14 month old infant. Schnitker 
and Bayer!’ were impressed with the frequency 
of this condition among young people. They re- 
viewed the literature to 1943, and found that of 
the total number of cases reported, 24 per cent 
occurred in individuals under 40 years of age. 
In the present series, there were only 6 cases 
(10 per cent) in persons under the age of 40 
years. This discrepancy can be explained in 
part by the large older-age population found in 
the Los Angeles area. 

Sex Incidence. The ratio of men to women is 
usually reported as men predominating two to 
three times as frequently as women. In the 
group being reported, the incidence in men was 


TABLE 1.—Age, Sex and Race Distribution of Fifty- 
Eight Cases of Dissecting Aneurysm 
(1935-47 Inclusive) 


Male Female 
Age (Years) 


White | Negro |Chinese| White | Negro 


0-10 
11-20 
21-30 1 1 1 
31-40 1 1 1 
41-50 2 2 1 
51-60 8 5 1 3 
61-70 12 3 3 1 
71-80 5 K 2 1 
81-90 1 1 

Total... . seat ae a }) 4 12 4 

WOtANe 556. <5 42 16 


found to be about 2.6 times as frequent as that 
in women. In the 60 subjects seen at the Coro- 
ner’s Office in San Francisco,'® there were 52 
men and only 8 women, the incidence in the 
men being 6.5 times as frequent as that in the 
women. Whether this implies that men are 
more apt to die suddenly than women who have 
this condition is purely a matter of speculation. 

The average age for women was found to be 
58 years, and that of men 59.9 years. This is 
not the usual or, rather, expected finding. The 
women usually dominate the  older-age 
brackets. The average age in David, McPeak, 
Vivas-Salas, and White’s! report was women— 
63 years, and men—d8 years. The delayed on- 
set of hypertension in women would lead one to 
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suspect that the average age of women with 
dissecting aneurysms should exceed that of 
men. An interesting observation by Schnitker 
and Bayer!’ was that in those cases occurring 
in women under the age of 40, 50 per cent were 
found to be in association with pregnancy. 

Race Incidence. Of the 58 cases, 15 (25.8 per 
cent) occurred in Negroes. There was no un- 
usual distribution of sex within the races, the 
men predominating in both races 2.6 to 1. The 
high percentage of Negroes is not remarkable 
in light of the fact that hypertension is known 
to occur twice as frequently among Negroes as 
among white persons. There was one case 
worthy of special mention which was found in 
a 50 year old Chinese, hypertension being re- 
ported as unusual in the Chinese race. We were 
unable to find any other reports in the litera- 
ture of a dissecting aneurysm occurring in a 
Chinese. 


CLINICAL CLASSIFICATION 


In 1929, Gager?® proposed a classification of 
dissecting aneurysms, concerned primarily with 
the duration of survival. Such a classification is 
particularly applicable to this entity, and with 
modifications, it is presented as follows: 

Acute Type. Rupture of the intima, dissec- 
tion of the media, and terminal perforation of 
the adventitia into a viscus such as the peri- 
vardial cavity, pleural cavity, and mediasti- 
num, takes place within minutes to hours, 
resulting in death within twenty-four to forty- 
eight hours after the initial onset. Case 1 has 
been chosen as being illustrative of this type. 


Case 1. Two hours prior to hospital admission on 
November 12, 1945, this 46 year old white man had 
a sudden onset of “constriction” about his chest 
which lasted about fifteen minutes, and which was 
soon replaced by an intense, sharp, epigastric pain. 

The patient was well developed. He was tossing 
about in bed and complained of pain. His extremities 
were cold and clammy. His temperature was 97 F. 
The pulse rate was 88 per minute and respiratory 
rate 34 per minute. The lungs were clear. There was 
no cardiac enlargement or heart murmurs. The 
blood pressure was 175/100. Epigastric and left 
upper-quadrant tenderness was present. 

The urinalysis showed no abnormality. The Was- 
sermann and Kahn reactions were negative. A flat 
plate of the abdomen showed no renal calculi. 

The patient was discharged from the hospital on 
Nov. 14, 1945. 
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On Nov. 20, 1945, seven days after discharge, 
the patient was readmitted to the hospital. He com. 
plained of severe epigastric pain and vomiting. The 
pain had come on while he was asleep, and \as 
severe, steady, and localized to the epigastrium 

At the time of examination the patient as 
thrashing about and groaning loudly. His tem) er- 
ature was 97.5 F.; the pulse rate was 100 per minute 
and respiratory rate 34 per minute. The lungs were 
clear. The heart did not appear enlarged, and the 
sounds were distant. The blood pressure was 90 50, 
Epigastric tenderness was present. 

The electrocardiogram showed abnormal tracings 
in that the RS-T segments in Leads I, IT, and III 
were depressed. 

Five hours after being admitted in shock, the 
patient suddenly expired. 

The postmortem findings were as follows: The 
pericardium was normal. The heart weighed 500 
grams. The coronary vessels were markedly athero- 
sclerotic but showed no occlusion. The valves were 
thin and measured: aortic, 8 em.; pulmonic, 7.5 em.; 
tricuspid, 14 em.; mitral, 12 centimeters. The aorta 
had a few atherosclerotic plaques, and in the first 
portion of the arch of the aorta there was a transverse 
intimal tear which communicated with a dissecting 
aneurysm. The aneurysm extended distally to the 
level of the diaphragm, and was filled with recently 
clotted blood. There were several areas of rupture in 
the adventitia of the thoracic aorta with resultant 
bleeding into the mediastinum and left pleural 
cavity. There was a massive blood clot in the left 
pleural cavity which weighed 1200 grams. 

Subacute Type. In this group, the process of 
intimal rupture and medial dissection is pro- 
tracted, occurring gradually over a period of 
days or weeks, during which time symptoms 
and signs appear which are readily localized 
and of value in making or confirming the diag- 
nosis. In this group, after a period of slow but 
progressive dissection, almost always a termi- 
nal adventitial rupture occurs similar to that of 
the acute type, which invariably results in a 
fatal outcome. Case 2 is illustrative of this type 
of patient. 

Case 2. The patient, a 65 year old known hype! 
tensive man, admitted to the hospital on January 
25, 1947, and died February 4, 1947. Four days prio 
to admission, he noticed the onset of severe, shar} 
pain in the lower portion of his chest, which cam 
on at rest. It lasted about twelve hours, and migrate: 
down into his abdomen. Since that time he had ha‘ 
intermittent pain in the lower part of his back am 
in his right flank, which was accompanied by f1 
quency of urination, dysuria, and vomiting. |: 
addition, he had been constipated for four days priv! 
to admission. 
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On examination, the patient chiefly complained 
of pwn in his right flank. His temperature was 
100.2 '.; the pulse rate was 88 per minute and 
respiritory rate 18 per minute. There were a few 
scattered rales at both lung bases. The heart ap- 
peare! enlarged to the left on percussion. There was 
4 soft, systolic murmur present over the entire pre- 
ecordium, best heard at the apex. The blood pressure 
was 190/100. There was deep tenderness in both 
upper quadrants of the abdomen. Bilateral costo- 
yertebral-angle tenderness was present. A bruit was 
heard just to the right of the umbilicus anteriorly. 

The hemoglobin value was 16 grams, and there 
were 9,500 white blood cells per cu. mm. of blood. 
The urinalysis showed no trace of albumin. The 
nonprotein nitrogen was 70 mg. per 100 cc. of blood. 
Wassermann and Kahn reactions were negative. 
At fluoroscopy, the aorta was found to be dilated in 
the ascending and transverse portions of the arch, 
and the left border of the aorta was shaggy and 
irregular with diminished pulsations. The left ven- 
trice was moderately enlarged. The findings were 
thought to be consistent with the diagnosis of a 
dissecting aneurysm. The electrocardiogram showed 
abnormality. The RS-T segment in Lead I was 
sagging and depressed. The Q-T interval was 0.44 
seconds. 

The course was febrile with daily elevation of 
temperature to 100 F. Intermittent pain in the right 
flank, and deep abdominal tenderness persisted. An 
aortic diastolic murmur appeared. During his ninth 
hospital day the patient became distended, anuric, 
and finally expired. 

The antemortem 
aneurysm, 

The postmortem findings were as follows: The 
pericardium was normal and contained 250 cc. of 
a straw-colored fluid. The heart was enlarged and 
weighed 570 grams. The valves were normal; the 
aortic measured 7 em. and the pulmonic, 7.5 centi- 
meters. The left ventricle measured 16 mm., and the 
right 2 to 4 millimeters. There was a dissecting 
aneurysm which originated at the level of the in- 
nominate artery and extended distally for about 2 
cm. into both common iliacs. There was a large 
intima! tear 4 em. proximal to the celiac axis. In the 
region of the renal arteries, the dilated aneurysmal 
sue partially occluded the left renal artery and 
completely oecluded the right. There were large 
antemortem thrombi which occluded both renal 
stoma ind entered both renal arteries for a distance 
of 7 nillimeters. 

The right kidney was a small, soft, pale organ 
approximately half the size of the left (combined 
weigl'! of both kidneys—250 grams). The cut surface 
of the right kidney revealed markedly pale cortical 
and }yramidal structures. There was a large, yellow 
area \hich extended through the entire cortex to the 
pel\ .s. The left kidney was also pale, but appeared 
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more normal than the right. The capsules of both 
kidneys striped with ease. 

Microscopic examination of the aorta showed 
that medial degeneration and cyst formation were 
present. 

The right kidney showed necrosis and fatty de- 
generation of the tubules, and interstitial hemorrhage 
typical of infarction. 


Chronic or “‘Healed” Type. This group in- 
cludes patients who survive the initial dissec- 
tion. Healing is made possible by either re- 
entry of the dissected passage into the lumen of 
the aorta or into the common iliacs, with sub- 
sequent endothelialization of the false passage 
and the establishment of a “‘double-barrelled”’ 
aorta. Or, less frequently, healing may take 
place by obliteration of the false passage by 
clot formation with subsequent organization 
and replacement fibrosis. Patients with 
‘“thealed”’ dissecting aneurysms may survive for 
months or years, and death usually occurs in 
one of several manners. Most commonly, it is 
due to congestive failure, a cerebral accident, 
coronary artery disease, or other incidental 
illnesses. In a small percentage a second dissec- 
tion occurs followed by fatal perforation. Case 
3 has been chosen as best illustrating this type 
of course. 


Case 3. The patient, a 62 year old white man, a 
confectioner, was admitted to the hospital on Decem- 
ber 11, 1933, complaining of severe pain in his 
back, radiating to his arms and legs, and accom- 
panied by dyspnea and vomiting. 

On examination he appeared to be in acute 
distress. His temperature was 98.6 F. His pulse rate 
was 100 per minute and his respiratory rate 24 per 
minute. There were moist rales at the base of the 
left lung. The heart was not enlarged. A mitral 
systolic murmur was present. The blood pressure 
was 175/100. 

The electrocardiogram showed left ventricular 
hypertrophy. The Wassermann and Kahn reactions 
were negative. 

Shortly after admission, the patient became free 
of pain, and on his seventh hospital day, December 
18, 1933, he was discharged to the Outpatient 
Department with the diagnosis of hypertension and 
coronary artery disease. 

He was readmitted to the hospital on September 
29, 1939, in congestive heart failure, complaining of 
dyspnea on exertion, paroxysmal nocturnal dyspnea, 
and precordial pain of three months’ duration. 

The patient was well developed. He was dyspneic, 
orthopneic, and slightly cyanotic. His temperature 
was 97.6 F. The pulse rate was 100 per minute, and 
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respiratory rate 22 per minute. The lungs were clear. 
The heart was enlarged, and the point of maximal 
impulse was felt in the fifth intercostal space at the 
anterior axillary line. Aortic systolic and diastolic 
murmurs were present. The blood pressure in the 
right arm was 200/100, and in the left arm, 190/100. 
The physical examination revealed no abnormality 
other than that pertaining to the heart. 

The Wassermann and Kahn reactions were nega- 
tive. The electrocardiogram again showed left ven- 
tricular hypertrophy. The orthodiagram showed 
marked fusiform dilatation of the ascending aorta, 
with moderate enlargement of the left ventricle. 
The innominate artery also appeared dilated. 

The patient was treated with bed rest, restricted 
fluids, and digitalis. He improved gradually. Nine 
days after admission he was discharged to the 
Outpatient Department. 

The significant findings on this admission were 
the detection of an aortic diastolic murmur, with 
aneurysmal dilatation of the ascending aorta, and 
negative serologic reactions. Both the third and 
fourth admissions (July 28 to August 5, 1940, and 
January 1 to May 16, 1941) were because of con- 
gestive heart failure, and in both instances the 
response to digitalis and bed rest was satisfactory. 

On the final admission, March 5, 1941, he com- 
plained of dyspnea, orthopnea and ankle edema of 
six days’ duration. 

At this time he was extremely dyspneic and or- 
thopneic. His temperature was 98.5 F., the pulse 
rate was 80 per minute, and the respiratory rate 20 
per minute. Dullness, diminished breath sounds, and 
tactile fremitus were found over the right lower lobe 
posteriorly. Moist rales were heard at the base of 
the left lung. The heart was enlarged, and the point 
of maximal impulse was in the sixth intercostal 
space at the anterior axillary line. Systolic and 
diastolic aortic murmurs were present. The blood 
pressure was 184/80. The liver was enlarged down to 
the level of the umbilicus. There was +4 pitting 
ankle edema. There were 4,000,000 erythrocytes per 
cu. mm. of blood. The hemoglobin value was 86 
per cent. The white blood cells numbered 6,600 per 
cu. mm. of blood. The urinalysis showed no ab- 
normality, and the nonprotein nitrogen value was 
51 mg. per 100 cc. of blood. The electrocardiogram 
showed auricular fibrillation, left ventricular hyper- 
trophy, and digitalis effect. 

The patient was treated with bed rest, digitalis, 
diuretics, a low-salt diet, and allied measures. De- 
spite vigorous therapy his condition became pro- 
gressively worse, and he died May 16, 1941. 

The postmortem findings were as follows: The 
visceral and parietal pericardium were adherent by 
easily separated adhesions. The heart weighed 700 
grams. The valves were normal, except for fusion 
over an extent of 4 mm. between the posterior and 
right aortic valve cusps. There was no evidence of 
any rheumatic involvement. The aortic valve meas- 


ured 8 em. and the pulmonic, 7.5 centimeters. The 
left ventricle measured 17 mm., the right 6 milli- 
meters. Approximately 5 em. above the aortic ying 
there was a transverse intimal tear which communi- 
cated with the false sac of a dissecting aneury<m, 
The aneurysm extended proximally down into the 
aortic ring, and distally to the common iliacs, were 
re-entry occurred. The lining of the true passage was 
wrinkled and had some lipoid plaques. The }:lse 
passage was lined with intima, was wrinkled «ind 
rough, and had almost a tree-bark appearance. [he 
common innominate artery and the left subclavian 
artery had also been involved in the dissection. 

The microscopic examination of the aorta showed 
medial necrosis with cyst formation. 


DURATION OF SURVIVAL 


The 58 cases being reported consisted of 43 
acute and subacute types, and 15 of the chronic 
or “healed”’ type. The duration of survival of 
the patients of each group has been tabulated 
in table 2. 

TABLE 2.—Duration of Survival of Fifty-Eight Patients 
with Dissecting Aneurysm 


; . Number Percent- 
Duration of Survival) of age of 
Patients) Total 


Dissecting Aneurysm 


**Acute”’ type 
“Subacute” type 


1-48 hours 21 

3-10 days 13 

11-60 days 

3 months to 8 
years 


“Chronic” or 
‘“*healed”’ type 


About one-third of the total number of pa- 
tients died within the first forty-eight hours, 
and about one-half within the first ten days. 
The fact that one-fourth of the patients had 
the chronic or “healed” type, surviving three 
months to eight years, is a much more encour- 
aging finding than that of Weiss, who found 
that healing occurred in about 10 per cent of 
the patients, chiefly by means of re-entry of the 
false passage into the true lumen at a lower 
level. 


CLINICAL SYMPTOMS 


Presenting Symptoms or Mode of Onset. Pain 
was the presenting symptom in 45 (77.6 pcr 
cent) of the 58 cases. It was located in the 
chest in 17 patients (29.3 per cent), and in t!ic 
epigastrium in 14 (24.1 per cent). In the 1- 
maining patients the pain was described «s 
being in both the epigastrium and lower chvst 
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(4 patients), the interscapular region (4 pa- 
tients), the neck (3 patients), the midback (2 
patients), and the sacrum (1 patient). (See 
table 3.) 

The sudden onset of pain, the type of pain, 
its location initially, and subsequent radiation, 
are all of utmost value in arriving at a correct 
diagnosis, and will all be discussed in some 
detail. 

Onset of Pain: The pain was described as 
having had a sudden, dramatic, and acute on- 
set, usually with no definite relation to effort or 
activity, except for several instances in which 
physical exertion may have been a precipitating 
factor. One case, interestingly, occurred in a 34 
vear old Negro during sexual intercourse. In 
this group of 58 cases, physical exertion was not 
an important factor in initiating the dissection, 
but, contrariwise, many of these cases came on 
while the patient was sleeping. Cherry and 
Cherry?! carefully reviewed the antecedent ac- 
tivity and occupations of 77 patients with dis- 
secting aneurysm, and arrived at the conclusion 
that physical exertion is not an important fac- 
tor in the initiation of dissection, but rather 
that its occurrence is merely coincidental. 

Type of Pain: The pain was most commonly 
described as being sudden, severe, tearing, rip- 
ping, sharp, excruciating, cramplike, or burn- 
ing. Not infrequently it was so severe as to 
cause the patient to double up in bed, or to lie 
on the floor in an attempt to obtain relief. In 
some instances, the pain was so intense that the 
patient was unable to lie still, and tossed about 
in bed. It was not infrequently described as a 
sensation of “‘something having torn loose’’ in 
the chest, or as the feeling of a knife being 
stuck into the chest and then twisted. In only 
2 cases was the pain described as being oppres- 
sive in nature, resembling that of acute myo- 
cardi: | infarction. Kilgore” described the pain 
as so;netimes ‘‘throbbing,” in synchrony with 
the heart beat, owing to successive pulse waves 
splitting the media or distending the newly 
formed wall. 

Site of Pain: The most frequent location of 
pain in this series of patients was in.the chest, 
where it was present in 17 patients (29.3 per 
cent of the total). David, McPeak, Vivas-Salas, 
and White! recorded the initial pain as being 
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in the chest in 10 of 17 cases (58 per cent). 
Logue” reviewed a group of 12 cases, all diag- 
nosed antemortem, and found the pain sub- 
sternal in 6 (50 per cent). Because the chest is 
the commonest site of the initial pain, and 
because the error most frequently encountered 
is in mistaking dissecting aneurysms for acute 
myocardial infarction, the chest pain in the 
above 17 cases was closely scrutinized. It was 
described as being in the anterior midchest in 
9 of these cases, substernal in 6, and merely in 
the “left chest” in the remaining 2. Of the 6 
patients in whom it was described as being 
substernal, it was definitely aggravated by deep 
breathing in 2 patients (associated hemothorax 


TaBLe 3.—Mode of Onset in Fifty-Eight Cases of 
Dissecting Aneurysm 
Mode of Onset Incidence ae 
MMM eric Ae ek ee, 45 77.6 
PPO MGHET... Sec te. board ator ie 17 29.3 
1. Anterior mid-chest..... 9 
2, BUpabernal. : <....3-5 0s. 6 
3. Left side of chest...... 2 
B.. Epigastrium.............. 14 24.1 
C. Epigastrium and low in 
OM op ten re 8 as 4 
D. Interscapular............. 4 
IOs Sh in Slaven Ooaisewth 3 
Da MOO is. cee 2 
CST) A 1 
Es RMMIOUIC rs toc ca piece wlece eee 8 13.2 
III. No history of pain or syncope 6 8.6 


present), in 2 others it was said to be sharp and 
knifelike, and in only the remaining 2 was it 
described as being oppressive and crushing. So 
actually, in only 2 of the 17 cases, in which the 
pain originated in the chest, was there any real 
semblance to the pain of myocardial infarction. 

The second commonest location of the initial 
pain was in the epigastrium or abdomen. Here 
the pain was described as being ripping, tearing, 
or cramplike, and was actually usually quite 
severe. The pain was present in the epigastrium 
initially in 14 (21.1 per cent) of the patients. 
The fact that approximately one-fourth of the 
dissecting aneurysms in this series had their 
onset with epigastric pain is most important, 
and recognition of this incidence should be of 
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value in making the correct diagnosis. Every 
patient with acute, severe epigastric pain and 
associated hypertension should be suspected of 
having a dissecting aneurysm as well as an 
acute abdomen. The readiness with which the 
diagnosis of dissecting aneurysm can be con- 
fused with that of an acute abdomen is well 
illustrated in the literature. Finkelstein and 
Jacobi reported a case of dissecting aneurysm 
associated with epigastric pain radiating 
through to the back, in which the antemortem 
diagnosis had been that of a perforated peptic 
ulcer. Other cases have been misdiagnosed as 
acute peritonitis, mesenteric thrombosis, and 
acute pancreatitis. Further confusion is added 
to the picture by the fact that the dissection 
may involve the superior mesenteric artery, re- 
sulting in its occlusion and subsequent infare- 
tion of the intestine. Kennedy** described just 
such a case, in which the antemortem diagnosis 
had been mesenteric thrombosis. At necropsy 
a dissecting aneurysm involving the superior 
mesenteric artery was discovered. 

The difficulty in this differential diagnosis is 
so marked that not infrequently these patients 
are subjected to abdominal surgery because 
they are thought to have an acute abdomen. 
Levitt, Levy, and Cole*® tell of a patient sent 
to surgery for abdominal exploration, and a 
similar incident followed in one of our patients. 


Case 4. The patient, a 59 year old white man, a 
laborer and a known hypertensive, entered the Los 
Angeles County Hospital on October 7, 1944, be- 
cause of severe epigastric pain of several hours’ 
duration. The pain radiated to the back and to both 
shoulders. He was acutely ill, and tossed about in 
bed because of severe abdominal pain. His temper- 
ature was 98 F. The pulse rate was 84 per minute. 

The lungs were clear. The heart was enlarged and 
the point of maximal impulse was in the fifth inter- 
costal space at the anterior axillary line. There was 
an apical systolic murmur and a diastolic murmur 
over the entire precordium. The blood pressure was 
280/150. The abdomen was flat and did not move 
with respiration. There was boardlike rigidity in the 
upper quadrants and peristalsis was absent. 

There were 10,000 white blood cells (polymorpho- 
nuclear neutrophils, 93 per cent; lymphocytes, 7 
per cent) per cu. mm. of blood. The urinalysis showed 
+2 albumin reaction, one to seven erythrocytes 
per high-powered field, and several hyaline and 
granular casts. The blood amylase was 300 units 
(normal 80 to 150 units). 


The admitting diagnosis was that of a perforated i 
peptic ulcer with the secondary possibility of 1 
acute pancreatitis. The patient was taken to tie 
operating room several hours after admission and :\4 
exploratory laparotomy was performed. The findines 
at the operat'on were all negative except for dilat 
tion of the small intestine. One hour after the op: 
ation, the patient suddenly expired. 

The postmortem findings were as follows: T 
heart weighed 650 grams. The valves were norm 
the aortic measured 9 em., the pulmonic 8 cen{ 
meters. The wall of the left ventricle measured 2\) 
mm., and that of the right ventricle 2 to 3 cen 
meters. Tree-barking and stellate sears were foun: 
in the first portion of the ascending aorta. At 1 
level of the innominate artery there was a dissect 
aneurysm which dissected distally down into both 
common iliacs. There were no intimal tears and no 
sites of external rupture. The dissection involved 
the innominate and superior mesenteric vessels. 

There was marked dilatation of the stomach, and 
of both the large and small intestine. There were 
some areas of the small bowel in which the wall ap 
peared somewhat hemorrhagic. There was also hem 
orrhage about the head of the pancreas. On section 
ing, the pancreas did not appear abnormal. 

The aorta showed medial necrosis and cyst form:- 
tion on microscopic examination. Changes in the 
pancreas were minimal and were thought mostly to 
represent postmortem autolysis. 


: 
i 
j 
: 
3 





In 16 cases, the pain radiated to the back. 
Radiation was present in the chest in 7 patients 
in whom the initial pain occurred in the neck, 
chest, or intrascapular or similar areas. 

Radiation into the flanks was described in 4 
‘ases, and at necropsy this was found to have 
been due to dissection of one or both renal 
arteries, resulting in partial or complete occlu- 
sion and renal infarction. Blain, Glynn, and 
Hiratzka” noted flank pain simulating that of 
renal colic in 2 patients, in both of whom the 
renal arteries were involved in the dissection. 
They reviewed the literature and found 15 cases 
with symptoms referable to the urologic sys 
tem. Of these 15, the correct antemortem diag 
nosis was made in 9, indicating that a history 
of radiation of pain to the flanks seems to 
facilitate the diagnosis. 

Radiation of pain to the extremities does no‘ 
occur with as great frequency as might be ex 
pected. In 8 instances the pain was noted t: 
radiate down either the upper or lower limbs 

Recurrent Pain. Of the 45 patients wil! 
initial pain as the presenting symptom, rect!- 
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rent pain oceurred in 29. This pain was de- 
sc): bed variously as a dull ache resembling the 
init al pain but less severe, an intermittent 
aching, a pleuritic pain, a tearing pain, or a 
sha p, needle-like pain. 

|; current pain was present in the chest in 9 
patients, and in several of these it had a pleu- 
ritic character, being aggravated by respira- 
tion. Of the 11 patients having recurrent pain 
in the abdomen the discomfort was most fre- 
quently described as a full aching pain. In the 
remaining patients the pain centered in the 
back in 4, in the flanks in 3, in the shoulders in 
one, und in the legs in one. 

Recurrence of pain was, therefore, quite com- 
mon, nd indicated either progressive dissection 
or ischemia resulting from interruption of the 
blood supply to such locations as the intestinal 
tract, kidneys, spinal cord, or extremities. 

Onset of Syncope. A history of an attack of 
syncope With recovery of consciousness and no 
history of pain occurred in only one patient. 
In another patient a syncopal attack occurred 
initially, but this was subsequently followed by 
epigastric pain. In 3 additional patients, syn- 
cope occurred, but it was preceded by chest 
pain in 2 of these, and neck pain in the third. 
The occurrence of syncope in association with 
dissecting aneurysm was stressed by Ham- 
burger and Ferris,2> who described 6 patients 
in whom the outstanding symptom at the onset 
was svncope or weakness. Four of their 6 pa- 
tients fainted at the onset or shortly thereafter, 
and the other 2 suffered from dizziness and 
weakness, but did not lose consciousness. They 
point out the fact that syncope is uncommon 
in association with myocardial infarction, but 
not with dissecting aneurysm. The suggestion 
was offered that the syncope was due to in- 
volvement of the depressor nerve endings in 
the aortic arch. The more likely explanation 
is cercbral ischemia either resulting from the 
pooliig of large quantities of blood in the false 
passive, or due to blockage or dissection of the 
innoniinate and common carotid arteries. 

Six patients, 2 of whom had hemiplegia, were 
admiited to the hospital while unconscious, 
with 10 antecedent history of pain. The dissec- 
tion these patients had involved one or more 
of tl» major blood vessels to the brain. 


Other Symptoms. In addition to the major 
presenting symptomatology which has just 
been discussed, a tabulation of secondary symp- 
toms may be found in table 4. Dyspnea pre- 
dominated, being recorded in 25 patients. Next 
in frequency was vomiting, found in 12 pa- 
tients. In 8 of these with vomiting the dissec- 
tion had extended down into the abdominal 
aorta. Oliguria was reported in 5, and in 4 of 
these the renal arteries were involved in the 
dissection. In the 3 patients with hemoptysis, 
necropsy disclosed dissection along the pul- 
monary arteries and into the roots of both 
lungs. Melena occurred in 2 patients, in one 
of whom the dissection had involved the supe- 
rior mesenteric artery. The clinical-pathologic 
correlation of these symptoms has been de- 


TABLE 4.—Secondary Symptoms 


Symptom No. of Patients 
DER ces oe cata ce S Rei os ew 25 
Vomiting...... i ee eee 12 
EN rR Ne hn 6 
Se ae ae ee 6 
ee ET EE ee ee eee eae eee ee 5 
Hemoptysis. . . 3 
Ankle edema.......... 2 
Melena....... AOE tah rus Society 2 
UE 2 
PRONIBUIRIR coos os Sn oe 2 


scribed so that their occurrence can be prop- 
erly evaluated and interpreted. 


CLINICAL FINDINGS 


General Appearance of the Patient. The pa- 
tient was usually in acute distress, writhing 
and tossing about, complaining bitterly of ex- 
cruciating pain in his chest or abdomen. The 
pain was often so intense as to cause him to 
double up or lie on the floor in an attempt to 
obtain relief. He frequently presented the pic- 
ture of shock, with pallor, perspiration, and 
cold, clammy extremities. 

Pulse Rate and Respiration. In the majority 
of cases, the pulse rate at the time of the dis- 
section was recorded as ranging between 80 to 
100 per minute. The highest rate was 120 per 
minute, and this was found in 4 patients. In 
5 instances, a bradycardia was present with 
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rates of 50 per minute in 3, and 40 per minute 
in the other 2 subjects. Both patients with rates 
of 40 per minute were thought to have a com- 
plete heart block. At necropsy, in one of these, 
the dissection had descended into the inter- 
auricular septum to approach the region of the 
A-V node. Similar findings were not present in 
the second case. Davis®® described a patient 
in whom the dissection had descended inferiorly 
into the interventricular septum, and finally 
ruptured into the right ventricle. 

In 4 of the ‘‘chronic” cases, cardiac arrhyth- 
mias were present. These consisted of complete 
heart block, auricular fibrillation in 2 cases, 
and a ventricular tachycardia complicating a 
recent posterior myocardial infarction. 


TaBLe 5.—Previous History of Hypertension, and 
Presence of Hypertension, Normal Blood Pressure, 
and Shock on Admission 


Systolic 


Hyper- Hyper- Normal Shock 
tension | , (°F: es 
tension on Ad- 
on Ad- Ad- 00 Ad- |. °: 
mission on sic - mission mission 
mission 
Previous History of Hy- 
pertension (34 cases). 23 2 2 7 
No Previous History of 
Hypertension (24 
cases) . cong 0 3 5 6 
Zotal..... 33 5 7 13 


The absence of arrhythmias in the acute 
‘ases is worthy of attention. There were none, 
except in the two instances of suspected com- 
plete heart block described above, and in an 
additional case in a patient with auricular pre- 
mature contractions. In the 17 cases reported 
by David, McPeak, Vivas-Salas, and White,! 
the maximum pulse rate was also 120, and like- 
wise there were no cardiac arrhythmias. 

The changes in the respiratory rate are 
worthy only of brief mention. An increase in 
the respiratory rate at the onset was universal 
except in those patients who had been given 
large doses of morphine. The sudden develop- 
ment of dyspnea after the onset was usually 
caused by external rupture associated with 
bleeding into the pleural cavity or mediastinum, 
or by dissection of the pulmonary artery. 

Temperature. Of 43 patients admitted during 
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or shortly after the onset of dissection, an el- 
evated temperature varying from 99 to 103 F, 
was present in 20 instances. Thirteen patients 
were admitted in shock with subnormal blood 
pressures, and in all of these the temperature 
was normal or subnormal. There were 10 others 
who appeared to be in shock despite elevated 
blood pressures. Members of this latter grovp 
had pallor, perspiration, cold and clammy ox- 
tremities, and similar symptoms, and their tein- 
peratures were either normal or subnormal. 

All patients in the hospital who survived 
forty-eight or more hours were noted to hive 
a febrile course with their temperatures fluc- 
tuating irregularly from 99 to 102 F. In those 
patients who went into shock after admission 
the temperature became subnormal. 

Finally, in the absence of shock, fever was 

common during the acute and subacute stages 
of dissecting aneurysm. 
Blood Pressure. It is well 
established that antecedent hypertension is a 
major factor in the evolution of a dissecting 
aneurysm. David, McPeak, Vivas-Salas, and 
White! were able to establish a previous history 
of hypertension in each of their 17 patients. 
Such was not the case in the present series of 
patients, composed of persons of the low-income 
group seen in a large general hospital. Because 
of the absence of a previous history in many of 
them, and the not infrequent finding of a nor- 
mal or subnormal blood pressure on admission, 
the findings were carefully reviewed (table 5). 
Values above 140 mm. of mercury systolic 
and 90 mm. of mercury diastolic were con- 
sidered abnormal. 


Observations on 


A previous history of hypertension (abnormal 
elevation of both systolic and diastolic) was 
present in 34 patients (58 per cent), and ab- 
sent in 24 (42 per cent). In most of these the 
hypertension was noted to have been of long 
standing. 

Hypertension on admission was present in 
23 of the 34 patients with a previous history, 
and in 10 of the 24 with no antecedent history. 
The total, therefore, of patients with eleva‘cd 
blood pressures on admission was 33 (56 er 
cent) of the entire group of 58. 

There were 5 patients with systolic hyp:r- 
tension only on admission, and 7 with normal 
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blood pressures. The group admitted in shock, 
with, subnormal blood pressure, consisted of 
13 patients (22 per cent of total). In addition, 
there were, as previously stated, many patients 
who clinically appeared to be in shock, in whom 
the | |ood pressure was found to be abnormally 
elev ied, having frequently fallen from an even 
higher original pressure. We have followed the 
conventional pattern of shock and listed only 
those patients having subnormal blood pres- 
sures in addition to the clinical pattern of shock. 
The subnormal pressures in some instances is 
attributed to severe blood loss, and in others, 
to cardiac tamponade resulting from hemo- 
pericardium. 

Persistence of hypertension in these patients 
has been thought by some to be of diagnostic 
value in the differentiation between dissecting 
aneurysm and coronary occlusion, in that the 
blood pressure would be more apt to drop in 
the latter condition than in the former. Actu- 
ally, those patients with hypertension who de- 
velop a myocardial infarction do have a drop 
in blood pressure, but the blood pressure may 
remain above the normal range. Nine of the 
patients with elevated blood pressures on ad- 
mission showed a significant drop in pressure 
during their hospitalization. Two of this group 
developed aortie diastolic murmurs and their 
blood pressures fell from 210/120 to 132/72, 
and from 190/110 to 140/75 respectively. Care- 
ful observation should disclose that this type 
of change occurs frequently, and when it does 
its diagnostic inference is far more important 
than that of the maintenance of an elevated 
pressure. The remaining 7 patients developed 
shock with marked reduction in their blood 
pressures some time after admission. Actually, 
there were 34 (53 per cent) of the patients in 
whom shock, normal blood pressure, and sys- 
tolic hypertension were present on admission, 
or Whose blood pressure following admission 
Was not sustained at the admission level. 

The 11 patients without previous history 
of hypertension, who were admitted in shock 
or with normal blood pressures, all had left 
Ventricular hypertrophy post mortem in the 
absenc of valvular disease. The left ventricular 

Wall measured 14 to 21 mm. in these subjects. 
Becaus of this, it was felt that pre-existing 
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hypertension has been established either di- 
rectly or indirectly in all of the cases reviewed. 

Pleural Effusion. Pleural fluid was detected 
on physical examination in 6 patients; in 4 
it was in the left side of the chest, and in the 
remaining 2 it was bilateral in one and on the 
right in the other. The increased incidence of 
left-sided hemothorax over hemothorax of the 
right side in dissecting aneurysms is well known. 
Hemorrhage into the left pleural cavity at post- 
mortem examination was present in 11 of the 
58 subjects (19 per cent). In 2 of these there 
was an accompanying hemopericardium. Rup- 
ture into the right pleural cavity was present 
at autopsy in 2 instances. The increased in- 
cidence of hemorrhage into the left pleural 
cavity as contrasted to the right can be ex- 
plained by the close proximity of the aorta to 
the left pleural cavity, and by the fact that 
when dissection of the pulmonary artery oc- 
curs it apparently follows the line of least re- 
sistance along the left main branch and into 
the hilum of the left lung. 

Cardiac Enlargement. Initial physical exam- 
ination detected cardiac enlargement as being 
present in 38 of the 58 patients. In 5 additional 
patients, fluid in the left side of the chest inter- 
fered with accurate estimation of the heart size. 
At autopsy there were only ten hearts weighing 
less than 400 grams. In each of these cases 
there was either a history of hypertension or 
hypertension had been present on admission. 
Twenty-two per cent of the hearts weighed 
between 400 and 500 grams, and 55 per cent 
of the hearts were heavier than 500 grams. 
There were only 2 subjects in whom the left 
ventricle measured less than 14 mm. in thick- 
ness. 

Cardiac Tamponade. Hemorrhage into the 
pericardium was suspected in only one patient 
prior to death. At autopsy it was found in 20 
of the 58 subjects (34 per cent). The pericar- 
dium proved to be the commonest site of rup- 
ture. 

Pericardial Friction Rub. A to-and-fro peri- 
cardial friction rub was detected in 3 patients. 
This finding in association with a dissecting 
aneurysm may be due to slow seepage of blood 
into the pericardial sac through an adventitial 
perforation, to a uremic pericarditis from dis- 
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section of the renal arteries and the resultant 
uremia, or, finally, to a pericarditis accompany- 
ing myocardial infarction which has resulted 
from involvement of the coronary arteries by 
dissection. If the friction rub is due to seepage 
of blood through an adventitial perforation it 
is a particularly ominous sign in regard to the 
immediate prognosis, and should be looked 
upon as a herald of incipient cardiac tam- 
ponade. 

Cardiac Murmurs. Resnik and Weefer,? in 
1925, reported the presence of aortic insuffi- 
ciency in a 57 year old Negro with negative 
serologic reactions, who at postmortem exam- 
ination was found to have a dissecting aneu- 
rysm of the aorta with no discernible valvular 


TABLE 6.—Distribution of Cardiac Murmurs in Fifty- 
Eight Patients With Dissecting Aneurysm of 
the Aorta 


Type of Murmur Incidence 


Aortie diastolic (alone) 5 
Aortie diastolic and aortic systolic 8 
Aortic diastolic and systolic, and mitral 
systolic. . Pichon - 3 
Aortic systolic (alone) ets 3 
Aortie systolic and mitral systolic. . 3 
Mitral systolic and mitral diastolic 1 
Mitral systolic (alone)... 9 


Total ; 32 


pathologie process. The explanation of the pe- 
ripheral signs of aortic insufficiency was that the 
drop in blood pressure was due to the leakage 
of blood from the main channel into the aneu- 
rysmal sac, resulting in a high pulse pressure 
similar to that of a peripheral arteriovenous 
aneurysm. The diastolic murmur was attributed 
to the same mechanism since the intimal open- 
ing lay just above the aortic valve. In 1933, 
Hamman*’ described a similar case in which 
the diagnosis of dissecting aneurysm of the 
aorta had been made antemortem. In this 
case, the aneurysmal sac was too small to per- 
mit the shunting of blood suggested by Resnik 
and Keefer. Hamman felt that the aortic re- 
gurgitation was most likely due to the valvular 
incompetency resulting from stretching or dila- 
tation of the aortic ring. 








There are numerous case reports*!~*’ of pa- 
tients admitted with the findings of aortic in- 
sufficiency and aneurysmal dilatation of ihe 
ascending aorta, in whom, despite negative 
serologic reactions, the diagnosis of syphilitic 
heart disease was made. At autopsy a dissect ing 
aneurysm was found and the aortic valve \ip- 
peared normal. Gouley and Anderson,** in 1510, 
reported 6 chronic “healed” dissecting ancu- 
rysms of the aorta, all associated with aortic 
diastolic murmurs with peripheral signs of 
aortic insufficiency. Five out of the 6 paticuts 
had negative serologic reactions. The antemor- 
tem diagnosis in each case had been thai of 
syphilitic heart disease. The presence of nega- 
tive serologic reactions is important as ap- 
proximately 90 per cent of patients with syphi- 
litic aortitis have positive serologic reactions.® 
Consequently, an aortic diastolic murmur ac- 
companied by aneurysmal dilatation of the 
ascending aorta and negative serologic reactions 
should make the clinician consider the diagno- 
sis of a dissecting aneurysm. 

Incidence of Aortic Diastolic Murmurs in 
Fifty-Eight Cases of Dissecting Aneurysm of th 
Aorta Proved .at Autopsy. In table 6 there is 
tabulated the incidence of cardiac murmurs 
found in 32 of the 58 patients. Aortic diastolic 
murmurs were present in 16 patients (27.5 
per cent of the total). In 2 instances the di- 
astolic murmurs had a musical quality. In 4 
subjects the heart tones were inaudible because 
of cardiac tamponade, so that the incidence 
of aortic insufficiency could have been higher. 
David, McPeak, Vivas-Salas, and White’ found 
basal diastolic murmurs in 9 of 17 patients 
(56 per cent). They felt that this incidence was 
higher than that expected among hypertensive 
patients, but that any attempt to correlate 
the incidence of aortic dissection on such data 
might prove misleading. Flaxman" found aortic 
diastolic murmurs in 10 of 19 persons with 
dissecting aneurysm at the Cook County Hos- 
pital. Recently Baer and Goldburgh®* reported 
44 patients, 6 of whom had aortic diastolic 
murmurs. 

One hundred consecutive autopsy case> of 
hypertensive heart disease were reviewed to 
determine the incidence of aortic diastolic mur- 
murs accompanying hypertension in the tb- 
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sence of aortic valve disease. Aortic diastolic 
murmurs were present in 2 cases (2 per cent). 
Garvin" reviewed 200 consecutive cases of hy- 
pertension and found aortie diastolic murmurs 
in 7 per cent. 

Th. total number of mitral systolic mur- 
murs in the present series was 16, exactly equal 
to the incidence of aortic diastolic murmurs 
(table 4). This certainly is not the usual finding 
in hypertension. 

Five of the 16 instances of aortic diastolic 
murmurs were found in a group of 15 patients 
with chronic or “healed” dissecting aneurysms. 
The remaining 11 were distributed among 43 
individuals with acute dissections. In several 
of the patients among the acute cases the aor- 
tic diastolic murmur was not present upon 
admission, but appeared during progressive 
dissection after hospitalization. 


No. of sa 


34 Cases of Dissecting Aneurysm of the Aorta Cases 


Group I: Pulmonie valve 0.5 to 2.0 20 37 
em. greater than aortie valve 

Group IT. Aortic and pulmonic valves 13 24.2 
equal 

Group Ill: Aortie valve 0.5 to 4.2 21 38.8 


em. greater than pulmonic 


Explanations of the Mechanism of the De- 
velopment of Aortic Insufficiency in Dissecting 
Aneurysms of the Aorta. Numerous explana- 
tions have been offered for the mechanism of 
the appearance of aortic insufficiency in asso- 
cation with dissecting aneurysms. Two of these 
have already been discussed. The first was that 
of Resnik and Keefer,2® who felt that the false 
sae functioned similarly to an arteriovenous 
shunt, and that regurgitation through the in- 
timal tear above the aortic valves produced a 
diastolic murmur. The second was that of Ham- 
man and Apperly,*® who felt that stretching of 
the aoriic ring resulted in incompetency. Peery“! 
reported’ 6 cases of intimal tears without dis- 
section localized in the proximal portion of the 
ascend ng aorta. He stated that if the intimal 
lear Wis at or Just above an aortic commissure 
ind trnsverse to the commissure, aortic in- 
sufficiency resulted. His explanation was that, 
Owing |o the gaping of the tear, the commissure 
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TaBLe 7.—Measurements of Aortic and Pulmonic Valves 
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loosened, and the corresponding cusp dropped 
to a lower level in the aortic ring. Another pro- 
posed explanation was that the dissection ex- 
tended inferiorly into the aortic ring and that 
the resultant hematoma distorted the valve 
ring, or displaced one of the cusps inferiorly, 
and resulted in valvular incompetency. One 
of our patients was found at necropsy to have 
the right cusp displaced inferiorly by a hema- 
toma which had dissected down into the aortic 
ring. 

In the 16 patients with aortic insufficiency 
the dissection had descended down into the 
aortic ring in 10. In 4 others it had extended 
proximally to within 1, 2, 3, and 5 em. of the 
aortic ring. In the remaining 2 patients, the 
dissection had extended proximally in the arch 
of the aorta to the level of the left subclavian 
artery. 



















No. of in 


100 Cases of Hypertension Without Dissection Cas ‘ 



















Group I: Pulmonie valve 0.5 to 1.5 38 38 
em. greater than aortic valve 

Group II: Aortie and pulmonic 20 20 
valves equal 

Group III: Aortic valve 0.5 to 1.5 42 42 


em. greater than pulmonic 


Minimal pathologic changes of the aortic 
valve were found in 3 of the 16 patients with 
aortic insufficiency. In one patient the edges 
of the valve were thickened and rolled, with 
fusion between the right and posterior cusps. 
Two other patients had slight fusion of the 
edges of the aortic valve leaflets which were 
not sufficient to result in valvular incompe- 
tency. 

Measurements of the aortic and pulmonary 
valve rings were recorded in 54 of the 58 pa- 
tients. These were compared with similar meas- 
urements in 100 individuals with hypertensive 
heart disease without dissection. This was done 
to determine whether or not cystic medial ne- 
crosis found in the aortas of patients with 
dissecting aneurysms resulted in greater 
stretching of the aortic ring than in that due 
to hypertension not associated with medial 
necrosis. It was found (table 7) that there was 
no marked difference in these measurements 
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in the two groups of patients. Actually, the 
incidence of aortic valve ring measurements 
exceeding that of the pulmonic valve ring was 
38.8 per cent in the patients with dissecting 
aneurysms, and 42 per cent in the hypertensive 
subjects. (Normally, the pulmonic valve ring 
measurement exceeds the aortic by about 1 
centimeter.) 

An analysis was also made of the valve ring 
measurements of the 16 patients with dissect- 
ing aneurysm associated with aortic insuffi- 
ciency (table 8). Here it was found that in 
only 2 patients in whom the aortic valve ex- 
ceeded the pulmonic valve by 3.5 and 4.2 cm., 
could stretching of the valve ring be inferred 
as being the mechanism for the production of 
aortic insufficiency. 


TABLE 8. 
With Dissecting Aneurysm With Aortic Insufficiency 


Valve Measurements in Sixteen Patients 


Measurements No. of Cases 


Group I: Pulmonie valve 0.5 to 2.0 em. 
greater than aortic valve... 6 
Group II: Aortic and pulmonic valves 


equal 2 
Group III: Aortic valve 0.5 to 4.2 em. 

greater than pulmonic valve. Of this 

group in only 2 patients did the aortic 

exceed the pulmonic by more than 2 cm. 

(3.5 and 4.2 em.) 8 


Significance of Aortic Diastolic Murmurs in 
Dissecting Aneurysm. The sudden appearance 
of a basal aortic diastolic murmur in a patient 
with hypertension complaining of severe chest 
or abdominal pain is almost pathognomonic 
of a dissecting aneurysm of the aorta. To be 
considered in the differential diagnosis of the 
sudden appearance of an aortic insufficiency 
is rupture of an aortic valve cusp. The pain 
and shock of a dissecting aneurysm are usually 
absent in association with a ruptured cusp. 
A drop in the diastolic pressure occurs in both 
conditions. Ruptured cusps are usually accom- 
panied by a tachycardia, whereas in dissecting 
aneurysms the pulse rate tends to be normal 
or that of a bradycardia. Finally, but of ex- 
treme importance, is the fact that when an 
aortic cusp ruptures the valve usually has been 
damaged by prior disease such as syphilis, 


arteriosclerosis, rheumatic valvulitis, or bac- 
terial endocarditis. 

Pulsating Masses. Abnormal _ pulsating 
masses in the neck were present in 3 patients, 
and in the abdomen of one. Correlation with 
postmortem findings showed that those in ‘he 
neck were due to dissection of the common 
‘arotid artery, and that the one in the abdomen 
was due to dissection of the abdominal aorta. 

Tenderness of Blood Vessels Involved by 1is- 
section. Dissection of peripheral arteries is ofien 
accompanied by localized tenderness over ‘he 
involved vessel. This was only observed in 2 
‘ases, and both represented dissection of ‘he 
common carotid arteries. 

Pulsations in the Major Peripheral Arte: ies. 
Diminished or absent peripheral arterial pulsa- 
tion in association with dissecting aneurysm 
of the aorta is caused by the vessel being in- 
volved in the dissection so that the false sac 
becomes distended with blood and _ partially 
or completely occludes the lumen, or, in addi- 
tion, thrombosis may occur within the true 
lumen. Dissection of the major vessels of the 
aortie arch results in diminished or absent pul- 
sations of those arteries going to the head or 
upper extremities, such as the carotid, brachial, 
or radial. When the dissection has extended 
inferiorly into the common iliacs it may cause 
diminished or absent pulsations in such vessels 
as the femorals, popliteals, and dorsalis pedis. 

Eleven patients (19 per cent) were found 
to have unequal or absent pulsations of major 
peripheral arteries. This was accompanied by 
comparable significant differences in blood pres- 
sure in the involved extremities in all instances 
(table 9). The carotid, brachial, or radial artery 
as the site of unequal or absent pulsations in 
5 instances, and the femorals in the remaining 
6. These clinical observations were correlated 
with the postmortem findings, and, except lor 
2 instances where the findings were in- 
adequately described, the vessels involved by 
dissection corresponded to those in which the 
abnormal pulsations had been detected. 

In addition to the decreased or absent pu'-e, 
the involved extremity was not infrequen'|y 
found to be cold and pale, with impairment of 
motor power and diminished sensory pere:p- 
tion. These changes, when present, were te!- 
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poriry, and lasted from minutes to hours, 
depending upon establishment of collateral 
cirevlation or re-entry of the false sac into the 
true lumen by intimal rupture. The inequality 
of pulse and blood pressure usually persisted 
despite the disappearance of the other signs 
of arterial occlusion. 

The presence of significant differences in 
pul: or blood pressure in either upper or lower 
extrcmities should render the diagnosis obvious 
in suspected cases. Of course, an arterial em- 
bolus could be responsible for these differences. 
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Nissim“ recently reported a new sign in dis- 
secting aneurysm found in a major peripheral 
vessel which had undergone dissection. This 
consisted of a reduplication of the pulse in the 
involved vessel, with a single pulse on the un- 
involved side. The reduplication was thought 
to be attributable to the difference in the rate 
of flow in the true and false sacs. 

Neurologic Manifestations. The neurologic 
disturbances encountered in persons with dis- 
secting aneurysm of the aorta have not received 
proper emphasis in the literature. The recogni- 


TABLE 9.—Diminished or Absent Pulsations in Major Peripheral Arteries 


Vessels and Findings 


1. Left ¢. earotid—diminished pulsation 


2. Right ¢. earotid and right radial—diminished pulsa- 


tion 
3. Right radial and right brachial—absent pulsation 


{, Both right and left radials and brachials—absent 


pulsations 
5. Right radial—diminished pulsation 
6. Right femoral—diminished pulsation 
7. Right femoral—diminished pulsation 


8. Right femoral—diminished pulsation 
9. Left femoral—absent pulsation 
10. Left femoral—absent pulsation 


ll. Both femorals—absent pulsation 


R.A. = 


Differentiation between it and dissecting aneu- 
rysm is not always easy, but because of the 
therapeutic implications (use of heparin, dicu- 
marol, and allied drugs) its importance is ap- 
parent 

Ellis” deseribed the presence of a pulsus 
paradoxus in a patient with dissecting aneu- 
tysm associated with hemopericardium. Its oc- 
currence in conjunction with acute or chronic 
constrictive pericarditis is well known, and it 
should most certainly be anticipated in pa- 
lients with dissecting aneurysm in whom hemo- 
pericaidium occurs so frequently. 





right arm; L.A. = left arm; R.L. = right leg; L.L. = left leg. 


B. P. Postmortem Findings 


R.A. 185/180 | Dissection of vessels of aortic arch 

L.A. 150/130 not described 

R.A. 140/100 | Innominate artery involved in the 

L.A. 180/100 dissection 

R.A. 0/0 Innominate artery, and right sub- 

L.A. 104/80 clavian artery involved in dissec- 
tion 

R.A. 0/0 Dissection of vessels of aortic arch 

L.A. 0/0 not described 

R.A. 60/20 Innominate artery involved in the 

L.A. 175/125 dissection 

R.L. 185/140 | Common iliaes dissected 

L.L. 270/145 

R.L. 195/140 | Common iliaes dissected 

L.L. 225/140 


No record 
R.L. 290/140 


Common iliaes dissected 
Common iliaes dissected 


Reha: 0/0 
R.L. 190/140 | Common iliaces dissected 
L.L. 0/0 
R.L. 0/0 Common iliaes dissected 
L.L. 0/0 


tion of such changes is of importance if only for 
the fact that when they are present in sus- 
pected cases the incidence of correct diagnosis 
is greatly increased. Weisman and Adams* re- 
ported 38 patients with dissecting aneurysm 
seen at the Boston City Hospital over a ten- 
year period. These investigators found neuro- 
logic symptoms resulting from the dissection 
in 30 per cent of these patients, and in the 
patients with such symptoms the correct diag- 
nosis was made in 80 per cent. This was about 
twice the incidence of correct diagnosis in the 
patients without neurologic manifestations. 
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Depending upon the locale of vascular inter- 
ference, the resultant symptomatology may be 
found to fall into one of the following three 
groups: (1) Blockage of the iliac or axillary 
arteries may result in an ischemic necrosis of 
the peripheral nerves. The examiner is con- 
fronted with a pulseless, cold, weak extremity, 
with anesthesia and loss of tendon reflexes. 
These changes are often temporary, lasting 
from minutes to hours, followed by reappear- 
ance of the pulse and return of motor power 
and other functions, usually due to re-entry 
of the dissection into the lumen of the involved 
vessel. (2) Impairment of blood flow through 
the intercostal arteries is said to cause an 
ischemic necrosis of the spinal cord. Clinically, 
there is a flaccid paralysis, urinary retention, 
and loss of sensation below the involved level. 
Unfortunately, there is a paucity of pathologic 
studies of this mechanism. It is known that 
there is an abundant collateral circulation to 
the spinal cord; this is so ample that it appears 
improbable that interference with the lumbar 
and intercostal arteries alone would result in 
ischemic necrosis unless the flow through the 
spinal arteries was simultaneously impaired. 
(3) Finally, obstruction to the carotids or the 
innominate artery will result in cerebral 
ischemia. The clinical picture is variable and 
may be that of dizziness, confusion, stupor, 
syncope, hemiplegia, coma, convulsions, blind- 
ness, and the like. 

Bowman and his collaborators stressed the 
diagnostic import of ‘wandering paralysis and 
vacillating sensory disturbances” occurring be- 
low the level of the umbilicus. These were at- 
tributed to spinal cord ischemia resulting from 
interruption of the lumbar and intercostal ar- 
teries. 

Nine of the 58 patients of this report had 
definite neurologic symptomatology. Two o: 
these had a left-sided hemiplegia with dis- 
section of the right common carotid artery, 
found at necropsy. In 5 instances there was a 
transient weakness of one or both legs, ac- 
companied by numbness and loss of sensation. 
The dissection was found to have extended 
down into the iliaes in each of the subjects. 
One patient had a flaccid paralysis of his right 
upper extremity due to dissection of the cor- 


responding subclavian artery. Finally, one ja- 
tient with a flaccid paralysis of both lower ¢x- 
tremities and loss of reflexes and sensation Ws 
observed. Gross examination of the spinal cord 
seemed to reveal interruption of its vascular 
supply, but microscopic examination failed ‘o 
reveal any pathologic changes. Both common 
iliacs had also been involved by dissection in 
this case. 

In 5 of these 9 patients (55 per cent) with 
neurologic symptoms a correct diagnosis of 
dissecting aneurysm was made, corroboratiig 
the findings of Weisman and Adams, who found 
that the presence of neurologic changes tended 
to facilitate the correct diagnosis. 


ELECTROCARDIOGRAM IN DISSECTING 
ANEURYSM OF THE AORTA 


The most difficult problem in the diagnosis 
of dissecting aneurysm of the aorta has been 
the differentiation between it and coronary 
occlusion. Of the 58 autopsied cases of dis- 
secting aneurysm, 20 (34.5 per cent) were in- 
correctly diagnosed as coronary occlusion. This 
difficulty was first stressed in 1934 by White, 
Badger, and Castleman,'* who described a case 
of dissecting aneurysm in which the antemor- 
tem diagnosis had been that of a coronary oc- 
clusion despite an electrocardiogram showing 
no abnormality. Recently David, McPeak, 
Vivas-Salas, and White! reported that none 
of the patterns of the electrocardiograms of 
17 patients with dissecting aneurysm could be 
considered normal. Patterns of left ventricular 
strain or of changes suggesting coronary disease 
were found to predominate, but none of the 
patterns were described. The pattern of acute 
myocardial infarction was not found in any 
of their cases, and they felt that the absence of 
this pattern should lend support to the diag- 
nosis of dissecting aneurysm in equivocal cases. 
Hargrove,” discussing this problem, made the 
statement that in equivocal cases, an electro- 
cardiogram demonstrating no abnormality | 
vored dissecting aneurysm and that one show- 
ing abnormality did not rule it out. 

Electrocardiograms were made in 40 of | 
58 autopsied cases, and have been correlat: 
with the pertinent clinical and pathologie fini- 
ings (table 10). 
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TABLE 10.—Electrocardiograms 


Case 


x Electrocardiograph Findings and Interpretation 
NO. 


in Forty Patients With Dissecting 





Aneurysm of the Aorta 


Clinical and Postmortem Data 


Group I: Patterns of myocardial infarction, acute coronary insufficiency, etc. 
Pp q ’ q Y; 


1. h-T,, RS-T2, and RS-T; depressed. Impression: 
al normal electrocardiogram 


_5, 13/44: Ti inverted; RS-T, and RS-T; sagging. 
5/11/44: T, now upright; T. diphasic; RS-T, and 
Rs-T; depressed. Impression: acute coronary in- 
suiliciency 

Impression: ab- 


9 RST. and RS-T; depressed. 


normal eleetrocardiogram 


{. RS-T, depressed. Small Q;; RS-T2 and RS-T; 
elevated. Impression: abnormal electrocardiogram 


5. 3/12/41: Low-voltage, flat T waves in Leads I, II, 
III. 3/14/41: Qs, deep Q3; RS-T, and RS-T; ele- 
vated. Impression: recent posterior myocardial 
infarction 


6. T; diphasie; T, and T; flattened. Impression: ab- 


normal electrocardiogram 


7. T,, Ts, and T; flattened. Impression: abnormal 
electrocardiogram 


8. T,, Ts, and T; low; low voltage. Impression: ab- 
normal electrocardiogram 
9. 4/29/44: Left ventricular hypertrophy. 5/6/44: 


Recent posterior myocardial infarct 


10. 3/7/48: Aeute posterior myocardial infarct; peri- 
carditis. 7/26/43: Impression: old posterior myo- 
cardial infaret 

ll. 9/14/43: Ts and T; inverted; RS-T, depressed; 
RS-T, and RS-T; elevated; Q. and Q; present. 
12/10/43: RS-T, and RS-T; more elevated. Impres- 
sion: old posterior infarct with recent acute insuf- 
ficiency 

Group IT: Acute 

12, RS-T; and RS-T, elevated; RS-T; iso-electric; 
T, flit; T. and T; inverted. Impression: acute peri- 
carditis 

13. 1936: RS-T,, RS-T., and RS-T; elevated. Impres- 
sion: acute pericarditis. 1941: Left ventricular hy- 
pert ophy 

4. RS-!, RS-T., and RS-T; elevated. Impression: 
acu‘e pericarditis 


B. P. 90/50. Post mortem: coronary sclerosis, old 
anteroseptal infarct, and left ventricular hyper- 
trophy 


B. P. 200/140, yet clinical findings of shock present 


B. P. 290/100, yet clinical findings of shock present 


Bi.P: 


sis 


70/50 (in shock). Post mortem: coronary sclero- 
and left ventricular hypertrophy 


B. P. 110/60 (in shock). Post mortem: right coronary 
artery stenotic, with no evidence of occlusion. Left 
ventricular hypertrophy present 


B. P. 100/80 (in shock). Post mortem: the dissection 
had extended down into the interauricular septum 
and subendocardially into both ventricles 

B. P. 190/128 (clinical findings of shock). Post 

mortem: left ventricular hypertrophy 


B. P. 70/50 (in shock). Post mortem: left ventricular 
hypertrophy 


B. P. 150/100 (clinical findings of shock). Later B. P. 
rose to 210/110. Post mortem: coronary sclerosis 
and recent and old myocardial infarcts 


Post mortem 7/27/43: healed dissecting aneurysm 
which had compressed orifice of the right coronary. 
Old posterior infarct. Left ventricular hyper- 
trophy ‘ 


In shock at time of final ECG. Post mortem: the dis- 
section involved the pulmonary artery and ex- 
tended into the roots of both lungs. Left ventricular 
hypertrophy 


pericarditis 


Post mortem: fibrinous pericarditis with recent 
hemopericardium. Left ventricular hypertrophy 


1936: Time of original dissection. 1941: Post mortem: 
healed dissecting aneurysm. Pericardium normal 


Post mortem: fibrinous pericarditis with recent 


hemopericardium 
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TaBLeE 10.—Concluded 


_— Electrocardiograph Findings and Interpretation Clinical and Postmortem Data 
Group IIT: Uremia 
15. T,; and T, diphasie; T; flat. Q-T interval 0.44 N.P.N. 74 mg.°%. Post mortem: malignant ne; hro- 
second. Impression: uremia, pericarditis sclerosis with uremic pericarditis and uremic coli- 
tis 
16. RS-T, sagging. Q-T interval 0.44 second. Impres- N.P.N. 80 mg.°%. Post mortem: both renal ari ries 
sion: uremia, prolonged Q-T interval dissected resulting in thrombosis and renal in {are- 
tion 
Group IV: Left ventricular hypertrophy (tracings taken at time of dissection) 
17-28 (inclusive) Left ventricular hypertrophy. One Post mortem: left ventricular hypertrophy. Heart 
patient had an old posterior myocardial infare- weights: 400 to 700 grams 
tion 
Group V: Left ventricular hypertrophy (all these tracings made antecedent to dissection, none being made at time 
of dissection) 
29-34 (inclusive) Left ventricular hypertrophy Post mortem: left ventricular hypertrophy. Heart 
weights 450 to 850 grams 
Group VI: Miscellaneous—‘ chronic or healed” dissecting aneurysms 
35. Auricular fibrillation Congestive heart failure. Left ventricular hyper 
trophy 
36. Prolonged A-V conduction. Right bundle branch Left ventricular hypertrophy 
block 
37. Left ventricular hypertrophy. Complete heart I-V septum scarred. Left ventricular hypertrophy 
block Congestive heart failure 
38. Left bundle branch block Left ventricular hypertrophy 
39. Recent coronary occlusion. Ventricular tachy- Left ventricular hypertrophy; old anterior and 
cardia. Left ventricular hypertrophy posterior infarcts. Congestive heart failure 
40. Left ventricular hypertrophy. Acute posterior Coronary occlusion; left cireumflex—old; right 
myocardial infarction coronary—recent. Recent and old myocardial in- 
farets present 
A classification of the various electrocardio- artery with resulting thrombosis and occlusion, 
graphic patterns encountered in persons with or, the dissection may extend inferiorly in the § 
dissecting aneurysm has been formulated after aortic wall and compress a coronary vessel 
a careful study of the present series along with from without. Wainwright* described a pa- 
a review of the literature. tient with serial electrocardiographie changes 
Group I: Electrocardiographic Patterns of My- characteristic of both anterior and posterior 
ocardial Infarction and Acute Coronary Insuffi- myocardial infarction. The dissection in ‘he 
ciency. aorta was noted to have descended inferiorly 
A. Myocardial Infarction: Infarction may to involve the wall of the left coronary aricry. 


result from dissection of the media of a coronary The resultant aneurysm in the coronary wall 
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was filled with a thrombus which occluded the 
vess:| by compressing its lumen. Patient 10, 
who-e history and electrocardiographic trac- 
ings are presented, was found at autopsy to 
have had the orifice of the right coronary artery 
oeclided by a hematoma dissecting down into 
the .ortic ring. An acute posterior myocar- 
dial infarction resulted. A case with similar 
associated electrocardiographic tracings has 
heen reported by Bayley and Monte.*® In 
Cabot Case 31391°° at the Massachusetts Gen- 
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The patient was in acute distress and complained 
of severe substernal pain. Her skin was pale, moist, 
and clammy. Her temperature was 97 F., her pulse 
rate 110 per minute, and respiration rate 30 per 
minute. The blood pressure was 210/150. The retinal 
vessels had a copper-wire appearance; they were 
tortuous and arteriovenous nicking was present. The 
lungs were clear. The heart was enlarged on percus- 
sion. The point of maximal impulse was in the sixth 
intercostal space 2 cm. to the left of the midclavicular 
line. A diastolic murmur was heard over the pri- 
mary and secondary aortic areas. The remainder of 
the physical examination revealed no abnormalities. 





3/2/43 3/5/43 


Fig. 1. Electrocardiograms of Patient 10 (see text) 


eral Hospital, both coronaries were involved in 
alike manner, but electrocardiographic changes 
typical of myocardial infarction were absent. 


Case /0. The patient, a 28 year old white woman 


with 2 Known history of hypertension of ten years’ 
duration, entered the Los Angeles County Hospital 
on March 28, 1943, complaining of the sudden onset 
of seve'e, crushing substernal pain, which radiated 
to her |-ft shoulder and down her left armi. The pain 
Was uirelated to effort and came on about 2:00 
AM. While in bed. It was accompanied by dyspnea, 


nause: and vomiting. 


3/7/43 


3/28/43 4/4/43 


The hemoglobin was 80 per cent. There were 
10,200 white blood cells per cu. mm. of blood. The 
urinalysis showed +3 albumin reaction and 10 to 12 
white blood cells per high-powered field. The sedi- 
mentation rate was 21 mm. per hour, the nonprotein 
nitrogen 70 mg. per 100 ce. of blood, and the serologic 
reaction was negative. 

The following electrocardiograms were made (fig. 
1): On March 3, 1943, the tracing showed sinus 
tachycardia, with a heart rate 100 per minute; 
RS-T segments in Leads I, II, and III depressed; 
in Lead I the T wave was flat, in Lead II it was 
diphasie, and in Lead III inverted. The diagnosis of 
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acute coronary insufficiency was made. On March 5, 
1943, the RS-T segments in Leads I and II were 
elevated; in Lead III they were isoelectric. The 
diagnosis of possible pericarditis was made. On 
March 7, 1943, the RS-T segments in Lead I were 
depressed; in Leads II and III they were elevated; 
there was a prominent Q wave in Lead III. The 
diagnosis of acute posterior myocardial infarction 
was made. On March 28, 1943, the RS-T segment in 
Lead I was isoelectric, in Lead II depressed; the T 
waves in Leads IT and III were inverted. On April 4, 
1943, T. and T; were further inverted and coved. 
The diagnosis of healing posterior myocardial in- 
farct was made. 

During the first four weeks of hospitalization the 
patient’s course was febrile with the temperature 
fluctuating between 100 and 101 F. On her third 
hospital day she had a convulsion, her blood pressure 
dropped to 80/0, and she remained stuporous for 
the ensuing twenty-four hours. An electrocardiogram 
at this time showed an acute posterior myocardial 
infaret. Following this, the patient complained of 
precordial pain for the next three and one-half 
weeks. A pericardial friction rub was first heard on 
March 20, 1948. On May 25, 1943, the patient was 
sent home. 

On July 26, 1943, two months after discharge, 
she was readmitted to the hospital, and complained 
of severe precordial pain radiating through her chest 
to her back and up into her neck. 

She was dyspneic, orthopneic, pale, cold, and 
tossing about with pain. She was afebrile. The 
blood pressure was 185/90. There were a few moist 
rales at both lung bases. The point of maximal 
impulse was in the sixth intercostal space 2 cm. 
outside the midclavicular line. A mitral systolic and 
an aortic diastolic murmur were present. The find- 
ings of the remainder of the physical examination 
were noncontributory. 

The electrocardiogram was that of an old posterior 
myocardial infarct. 

Shortly after admission the patient became pulse- 
less, comatose, and respiration ceased. 

On postmortem examination, the pericardial sac 
was found to be obliterated by adhesions and the 
visceral pericardium to be distended by a recent 
subepicardial hemorrhage. The heart weighed 500 
grams. The left ventricular wall was hypertrophied 
and measured 16 millimeters. The aortic and pul- 
monic valves both measured 7.5 centimeters. The 
aorta had an old intimal tear 1.5 em. above the 
aortic valvé which communicated with an aneu- 
rysmal sac measuring 3 by 3 by 8 centimeters. On 
the left anterolateral aspect of the sac there was a 
recent tear which had ruptured into the adventitia 
and dissected down into the subepicardial space. 
This sac distended with blood occluded the ostium 
of the already narrowed right coronary artery. There 
was a healed myocardial infarct on the posterior wall 


of the left ventricle. Microscopic examination of the 
aorta showed medial necrosis with cyst formation, 


Case 5 illustrates myocardial infarction with- 
out coronary occlusion. The patient, on «d- 
mission, was in shock, and the electrocardio- 
gram showed tracings characteristic of a recent 
posterior myocardial infarct. At autopsy there 
was no evidence of coronary occlusion, but ‘he 
right coronary artery was markedly steno ic. 
Similar cases have been described by Kenj.y5! 
and by Bourne and Mills.” 

In addition, it is obvious that myocariial 
infarction may occur independently of the «is- 
section. Electrocardiographie patterns of old 
myocardial infarction, posterior type, were 
found in two instances. In one of these (Case 
32), coronary thrombosis and myocardial in- 
farction had occurred antecedent to the dis- 
section. In the other (Case 40), a chronic or 
“healed” dissection, it had occurred subsequent 
to the dissection. Because of the almost uni- 
versal coexistence of hypertension in patients 
with dissecting aneurysms, and the known fre- 
quency with which coronary artery disease 
complicates hypertension, all three may be 
encountered in the same patient, and the diag- 
nosis is made with difficulty. 

B. Acute Coronary Insufficiency, due to Re- 
duction of Coronary Blood Flow because of 
Shock, Tachycardia, Anemia, ‘Coronary 
Spasm”’: Moderate to severe coronary athero- 
sclerosis present in many of these patients pre- 
disposes to the development of this type of 
pattern, namely, depression of the RS-T seg- 
ments, with lowering to inversion of the T 
waves. No previous reports of this pattern in 
dissecting aneurysm were found in the litera- 
ture. One reason is that this is a difficult, if 
not impossible diagnosis to make in the presence 
of left ventricular hypertrophy. Some feel that 
the pattern of left ventricular hypertrophy «c- 
tually reflects left ventricular ischemia. Not 
infrequently these patients have been receiving 
digitalis which will also cause RS-T segment 
shifts and T-wave inversion. Patterns thoug!it 
typical of acute coronary insufficiency w«'e 
present in 3 cases (Cases 1, 2, and 3). 

C. Acute Ventricular Strain Superimpo-ed 
upon Old Posterior Myocardial Infarct: (ue 
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paticnt (Patient 11) was of particular interest 
in that the electrocardiographic pattern was 
that of acute right ventricular strain super- 





impo-ed upon the pattern of an old posterior 
myoc irdial infarct. At autopsy the dissection 
was {und to involve the pulmonary artery and 
its by mches, extending into the hilar regions 
of both lungs. 

Giro ip II: Pericarditis. Weiss® discussed the 
securrence of pericarditis in association with 
dissec\ing aneurysm, and commented upon its 
infrequency. At least 5 cases were found®~® 
which had been previously reported. All of 
these patients had pericardial friction rubs and 
electrocardiographic tracings typical of peri- 
carditis. The mechanisms of the production of 
pericarditis in dissecting aneurysm are multiple. 
Most frequently, there is a slow leak of blood 
into the pericardial sac, and deposition of fibrin 
upon the lining of the pericardial cavity. This 
usually heralds an imminent cardiac tampon- 
ade. Secondly, a uremic pericarditis may be 
present, due to either dissection and resultant 
thrombosis of one or both renal arteries, or 
primary renal failure of malignant nephroscle- 
rosis, chronie nephritis, and similar conditions. 
still another cause would be pericarditis ac- 
companying a myocardial infarction. Patterns 
of acute pericarditis were present in 4 of the 
patients in the present series. In one it was 
thought to be due to a uremic pericarditis. 
In 2 others (Patients 12 and 14) it was caused 
hy a slow leakage of blood into the pericardial 
sac. Case 12 has been described in detail with 
illustrative electrocardiograms. In the remain- 
ing case the pericarditis accompanied a myo- 
cardial infarction caused by the dissection. 

Case 12. The patient, a 35 year old Negro garage 
attendant, was admitted to the Los Angeles County 
Hospital on February 10, 1941, complaining of 
severe, crushing, substernal pain which radiated 
through to the back, and came on while he was 
eigagine in sexual intercourse. The pain was accom- 
panied ly dyspnea, nausea, and vomiting. Hyper- 
tension liad been present since the patient was 12 
years 0} age. 

On simission, the patient was heavily sedated 
With mrphine and had obvious respiratory depres- 


sion. Tie temperature was 100.2 F., the pulse rate 
120 per minute, and respiratory rate 12 per minute. 
Both pyipils were constricted, and reacted poorly to 
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light. The lungs were clear. Cardiac enlargement was 
present, the point of maximal impulse being in the 
fifth intercostal space near the anterior axillary line. 
Gallop rhythm was present. The blood pressure was 
185/145 in the right arm, and 180/150 in the left 
arm. The remainder of the physical examination 
revealed no abnormality. 

The hemoglobin was 60 per cent, and there were 
3.7 million red blood cells and 8,200 white blood 
cells per cu. mm. of blood. The sedimentation rate 
was 28 mm. per hour. In the phenosulfonphthalein 
test, the dye appeared in five minutes; 30 per cent 
was present in the first sample and 10 per cent in the 
second. The nonprotein nitrogen value was 32 mg. 
per 100 ce. of blood. The icteric index was 19 units. 
The Wassermann and Kahn reactions were negative. 
X-ray examination of the chest showed that the left 
ventricle was enlarged and that there was marked 
widening of the ascending aorta. 

Several electrocardiograms were made (fig. 2). 
In the tracings made on January 13, 1941, the 
RS-T segments in Leads I and II were elevated; 
in Lead III they were isoelectric. Left axis deviation 
was manifest. The diagnosis was acute pericarditis. 
On January 16, 1941, elevation of the RS-T segments 
in Leads I and II was increased. On January 20, 
1941, the RS-T segments in Leads I and II had 
returned to the base line; T» was flat and T; in- 
verted. On February 5, 1941, there was evidence of 
electrical alternans in Leads IT and III. The RS-T 
segments were now isoelectric. T, was low, T.» 
and T; inverted. 

During the hospitalization, the patient’s temper- 
ature fluctuated between 100 and 101 F. Pain in the 
left side of his chest, aggravated by deep breathing, 
persisted. A week after admission a_ pericardial 
friction rub was detected, and the presence of peri- 

‘arditis was substantiated by electrocardiograms. 
Later, a to-and-fro basal murmur appeared, and the 
diagnosis of a dissecting aneurysm was made. The 
patient appeared to be improving when he died 
suddenly on February 19, his ninth hospital day. 

At autopsy, 600 ec. of clotted blood were found in 
the pericardial sac. The epicardium was shaggy, 
reddish gray in appearance, with tags of both 
fibrinous exudate and organized fibrous tissue. On 
the anterior surface of the aorta there was a small 
tear in the adventitia which is the site of rupture into 
the pericardial sac. When the aorta was opened, 
about 1 em. above the valve, there were noted two 
transverse intimal tears which communicated with a 
dissecting aneurysm, which extended distally to the 
level of the right renal artery. At this point there 
was another intimal tear which marked the site of 
re-entry. The false sac was filled with a large ante- 
mortem blood clot. The heart weighed 800 grams. 
The left ventricular wall was 20 mm. in thickness, 
the right 7 millimeters. The aortic valve measured 

5 em., and the pulmonic 8 centimeters. 
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The microscopic examination of the aorta showed 
medial degeneration with cyst formation. The peri- 
cardium showed a subacute fibrinous pericarditis. 


Group I{I: Uremia. Tracings consistent with 
uremia were found in 2 instances (Cases 15 and 
16). In Patient 15 it was due to primary renal 
involvement in the form of malignant nephro- 
sclerosis. At autopsy a uremic pericarditis and 
colitis were also found. In the other patient 


1/12/41 1/13/41 


1/16/41 


tern of uremia occurring in association with 
dissecting aneurysms of the aorta has not been 
previously described. 


Case 15. The patient, a 32 year old Mexican 
woman, entered the Los Angeles County Hospita! on 
April 1, 1945, complaining of blindness, vomiting, 
and urinary frequency of two months’ duration At 
the age of 13 years she had had “kidney trouljie,” 
Five years ago, after the birth of her fifth b:by, 
she began to have severe occipital headaches, ind 


1/20/41 


Fig. 2. Electrocardiograms of Patient 12 (see text) 


the uremia resulted from the dissection involv- 
ing the renal arteries with resultant thrombosis 
and renal infarction. The electrocardiographic 
changes characteristic of uremia are prolonga- 
tion of the Q-T interval, sagging of the RS-T 
segments, and T-wave flattening and inversion. 
These changes may be specifically related to 
the disturbances of calcium and phosphorus 
or potassium metabolism occurring in conjunc- 
tion with uremia. The electrocardiographic pat- 


hypertension was observed for the first time. [Her 
sixth and seventh pregnancies were complicated by 
severe headaches and ankle edema. Progressive loss 
of vision began just prior to the birth of her eighth 
child (December, 1942). 

The patient appeared well nourished and in ' 
acute distress. The temperature was 99 F., the p 
rate 90 per minute, and respiration rate 20 
minute. The blood pressure was 222/180. Lic! 
perception was diminished in the right eye, and «)- 
sent in the left. Examination of the fundi showed 
narrowed arterioles, arteriovenous nicking, het.or- 
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rhages, and exudates. The discs were pale. The 
jung: were clear. The heart was enlarged and the 
poin' of maximal impulse was in the fifth intercostal 
space at the anterior axillary line. The sounds were 
of fav quality. The remainder of the physical exami- 
nation revealed no abnormality. 

Ti:e red blood count was 4.9 million, and the 
hem-zlobin was 92 per cent. There were 15,050 
white blood cells per 100 cu. mm. of blood. The 
urine examination showed a specific gravity fixed 
between 1.010 and 1.013, +3 albumin reaction, 75 
to 100 red blood cells and 30 to 40 white blood cells 
per high-powered field. The nonprotein nitrogen 
was 74 mg. per 100 ee. of blood. The Wassermann 
and Kahn reactions were negative. 

The electrocardiogram showed a small Q:» and a 
prominent Q;. T, and T. were diphasic, and T; 
was flat. The T wave in CF, was diphasic. The Q-T 
interval was 0.44 second (fig. 3). These changes were 
thought consistent with those due to uremia. 

On her third hospital day the patient complained 
of severe epigastric pain radiating to the precordium. 
The pain persisted for about a week and was local- 
ized in the epigastrium. Her course was progres- 
sively downhill, and after three months of hospitali- 
zation, she became disoriented and expired on July 
6, 1945. The antemortem diagnosis was malignant 
nephrosclerosis. 

On postmortem examination the pericardial sac 
was found to contain no free fluid. There were 
recent adhesions between the visceral and parietal 
pericardium, and a recent fibrinous pericarditis was 
found over the epicardium. The heart weighed 500 
grams. The left ventricle measured 15 mm., the 
right 3 millimeters. In the aorta there was an intimal 
tear just distal to the origin of the left subclavian 
artery. This communicated with a dissecting aneu- 
rysm which extended distally to a point midway 
between the superior and inferior mesenteric arteries. 
The false sae was filled with two large organized 
blood clots. 

The kidneys were normal in size and their surfaces 
were covered with numerous petechial hemorrhages. 
Microscopically, arteriolonecrosis was present accom- 
panied by hemorrhage into the glomeruli and the 
interstitial tissue. The findings were thought to be 
typical of malignant nephrosclerosis. 


(Group IV: Left Ventricular Hypertrophy. 
There were 12 patients in this group whose 
clectrocardiograms were made at the time of 
the di-seetion. All these patients were found 
at aulopsy to have left ventricular hyper- 
trophy. 


In aldition there were 6 patients whose elec- 
'rocarliograms were made prior to the onset 
of dissection. In none of these had electro- 
cardiograms been made at the time of the dis- 


section. All of the electrocardiographic patterns 
were characteristic of left ventricular hyper- 
trophy, the presence of which was corroborated 
at the postmortem examination. 

Group V: Miscellaneous. This included the 
patients with “healed” or chronic cases who 
re-entered the hospital finally to die of con- 
gestive heart failure, coronary artery disease, 
cerebral hemorrhage, or similar catastrophe. 
Electrocardiograms in 6 of these patients were 
chiefly the patterns of left ventricular hyper- 
trophy, bundle branch block, coronary occlu- 
sion, or cardiac arrhythmias (such as auricular 


Fig. 3. Electrocardiograms of Patient 15 made on 
April 2, 1943, showifig prolonged Q-T interval (see 
text). 


fibrillation, ventricular tachycardia, and com- 
plete heart block with ventricular extrasys- 
toles). 

Comment on the Electrocardiographic Patterns 
Found in Association with Dissecting Aneurysm: 

1. Review of the electrocardiograms in 40 pa- 
tients with dissecting aneurysm revealed them 
all to be definitely abnormal. 

2. The most common pattern was that of 
left ventricular hypertrophy. This was present 
in 25 cases (62 per cent). 

3. The patterns of myocardial infarction, 
acute coronary insufficiency, and the like, were 
found in 13 cases (22.7 per cent). 
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4. Patterns of acute pericarditis, due to seep- 
age of blood into the pericardial sac, were 
found in 4 cases (10 per cent). 

5. Electrocardiographic patterns of uremia 
occurred in 2 patients (3.4 per cent), secondary 
to dissection of the renal arteries, or owing to 
primary renal disease. 

6. Absence of electrocardiographic changes 
of myocardial infarction should support the 
diagnosis of dissecting aneurysm in equivocal 
‘ases. The presence of such changes does not 
rule out the possibility of a dissecting aneurysm, 
as it has been shown that a dissecting aneurysm 
may result in or be accompanied by a myo- 
cardial infarction. There is no specific electro- 
cardiographic pattern in dissecting aneurysm. 
The patterns may be as varied as the clinical 
syndromes encountered. 


ROENTGENOLOGIC FINDINGS 


Since the patient in the acute stage of 
suspected dissecting aneurysm should not be 
moved and should be spared any unnecessary 
activity the x-ray study at this time should 
be limited to a bedside examination. Also the 
x-ray findings will hardly affect the therapeutic 
approach. If the initial dissection is survived, 
thorough roentgen-ray study can be performed 
at a later date. 

Davy and Gates,*®® in 1922, reported the 
first case of dissecting aneurysm diagnosed ante- 
mortem in which the diagnosis had been con- 
firmed by the x-ray findings. The x-ray film was 
reported as showing a widened and somewhat 
radiolucent shadow of the aortic arch and de- 
scending aorta. 

Ritvo and Votta® felt that the most signifi- 
‘ant finding was the presence of a widened 
supracardiac shadow. If the dissection was lo- 
‘alized a circumscribed or saccular deformity 
of the aorta resulted. If the dissection was 
diffuse and widespread a generalized widening 
of the supracardiac shadow was expected. 
Wood, Pendergrass, and Ostrum*® felt that the 
increase in width of the innominate or other 
large vessels originating from the aortic arch 
was the most pathognomonic roentgen-ray sign. 

X-ray examination of the chest was _per- 
formed in 20 of the 58 patients of this report. 
Ten, or 50 per cent of these, showed widening 





DISSECTING ANEURYSM OF AORTA 


and dilatation of the ascending and transvers:: 
portions of the arch of the aorta. In 2 addition: \| 
patients the widening was limited to the de- 
scending thoracic aorta. In 3 of these the find- 
ings were reported as being consistent with 
dissecting aneurysm, and in 2 more as bei): 
consistent with aneurysm. 

On fluoroscopic examination the aortic puls 
tions are usually diminished. However, th: 
may be normal or even increased, dependi) 
upon the location and the extent of the di 
section. As in other aneurysms, the esophag 
and trachea may be displaced. 

A most significant finding is the sudden a 
pearance of an increase in the width of th 
aorta, in the region of the arch or in its d 
scending portion. Roesler, Gifford, and Betts 
reported a case in which this was detected by 
serial roentgenograms, and thus the correct 
diagnosis was facilitated. 

Golden and Weens” reported a dissecting 
aneurysm involving the arch and descending 
aorta in which angiocardiography using 70 per 
cent diodrast demonstrated a double-barrelled 
contour. The diagnosis of dissecting aneurysm 
was subsequently confirmed at operation. 

Cardiac enlargement, chiefly left ventricular 
in type, was found in 11 of the 20 patients, and 
in an additional 4 its presence was obscured by 
a coexisting left pleural effusion. 

If external rupture into the pericardial sac 
has occurred at the time the x-ray examination 
of the chest is made the findings will be those 
of a pericardial effusion. Rupture into the left 
pleural cavity, almost always left sided, can 
also be demonstrated by roentgenograms. A 
left pleural effusion was present in 4 of the 
present series of cases (20 per cent). 

Weiss, Kinney, and Maher® described a 
chronic “healed” dissecting aneurysm in which 
extensive atherosclerosis developed in the false 
sac. The roentgenogram of the chest disclosed 
a double-barrelled aorta with calcification in 
both the true and false sac. No similar case ha- 
been described in the literature. 


LABORATORY FINDINGS 


Serologic Studies. Wassermann and Kaho 
tests were performed in 48 of the 58 patients 
Of these, the reaction was reported positive 
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», 6 instances. Three of the 6 patients were 
fund at autopsy to have syphilitic aortitis. A 
fc rth patient was inadequately studied in that 
a uicroscopie study was not performed, and the 
disgnosis of syphilitic aortitis was made on 
ross appearance alone. The gross appearance 
{ medial necrosis is often not unlike that of 
sy) hilitie aortitis, so the diagnosis in this case 
is ertainly open to question. The remaining 2 
patients with positive reactions had no evidence 
of syphilitic aortitis. 

in addition, there were 2 other patients with 
negative reactions who had syphilitic aortitis 
at autopsy, making a total of 5 definite cases of 
syphilitic aortitis. 

The significance of negative serologic reac- 
tions in the presence of aortic insufficiency 
associated with aneurysmal dilatation of the 
ascending aorta has been discussed under the 
heading of cardiac murmurs. Of the 16 patients 
in whom aortic diastolic murmurs were ob- 
served the serologic reaction was positive in 2 
(12 per cent). At autopsy both of these had 
syphilitic aortitis, but the aortic valves were 
uninvolved. This low percentage of positive 
serologic reactions encountered (in association 
with diastolie murmurs, and the like) is cer- 
tainly in sharp contrast to the known 80 to 90 
per cent positive reactions in patients with 
syphilitic aneurysms and coexisting aortic in- 
sufficiency. Because of this, it is worthy of 
re-emphasis that dissecting aneurysm be con- 
sidered in the diagnosis of those patients with 
aortic insufficiency, aneurysmal dilatation of 
the ascending aorta, and negative serologic 
reactions. 


Ie 


( 


Blood Count. Anemia: A  normochromic 
normocytic anemia was often present shortly 
after the onset of dissection. It was probably 
caused by acute blood loss from hemorrhage 
into ‘he mediastinum, pleural cavity, retro- 
peritoneal space, or elsewhere. A progressive 
drop in the red blood cell count and hemo- 
globi: value was frequently observed in those 
paticats who survived the initial insult and 
advanced into the “subacute” or “chronic” 
stag’s. One patient who survived fifteen days 
had an initial blood count of 4.5 million red 
blood cells and hemoglobin value of 10.4 grams. 
Shortly before death his count had dropped to 


3.5 million red blood cells and the hemoglobin 
value was 8 grams. Another patient with a 
“chronic or healed” case had a red blood cell 
count of 5.8 million with 17 grams of hemo- 
globin initially. Two months after admission 
there were 3.6 million red blood cells and 10 
grams of hemoglobin. 

Leukocytosis: Most patients at the onset 
showed a moderate to a marked leukocytosis 
with a corresponding increase in the poly- 
morphonuclear leukocytes. The white blood 
cell count varied between 9,600 and 29,500, and 
most commonly was about 15,000 with a 
marked polynucleosis. The elevated white blood 
cell count probably was caused by hemorrhage 
into the false sac or one of the serous cavities. 

Urinalysis. Albuminuria varying from a trace 
to 4 plus was found in many of the cases. 

Hematuria was present in 5 instances on 
microscopic study; in 3 additional ones the 
urine had been observed as being grossly 
bloody. One of these with gross hematuria 
encountered at autopsy had a_ necrotizing 
arteriolitis of the kidney, and the clinical diag- 
nosis had been malignant nephrosclerosis. The 
other 2 patients with gross hematuria were 
found to have had dissection of the renal ar- 
teries with resultant thrombosis and renal in- 
farction. Two of these patients with only micro- 
scopic hematuria were likewise observed to 
have dissection involving the renal arteries. 

In 1945, Blain, Glynn, and Hiratzka”’ re- 
viewed the literature and were only able to 
find 15 patients with urologic symptoms such 
as flank pain and hematuria. Hematuria was 
only present in 5 (33 per cent). Of the 15 
patients with urologic findings the correct diag- 
nosis was made in 9 (60 per cent), which is well 
above the average. In 2 of the 3 patients with 
gross hematuria in the present series, the correct 
diagnosis was made. 

Halprin®™ reported a case of dissecting aneu- 
rysm associated with bilateral occlusion of both 
renal arteries, which presented the picture of 
uremia. Buckley® reported 2 patients with in- 
volvement of the renal arteries, both of whom 
had gross hematuria. Davis and his associates® 
described a patient with dissection of both 
renal arteries, who was thought to have acute 
nephritis. 
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Hematuria apparently is not a common find- 
ing in persons with dissecting aneurysm, but 
when it occurs it probably indicates dissection 
of one or more renal arteries with thrombosis 
and infarction. It may also be due to a con- 
comitant malignant nephrosclerosis. 

Nonprotein Nitrogen. Nonprotein nitrogen de- 
terminations were made in 9 patients, 7 of 
whom were found to have elevated values rang- 
ing from 47 to 85 mg. per 100 cc. of blood. In 
3 of these with elevated values the renal arteries 
had been involved in the dissection; a fourth 
patient had malignant nephrosclerosis. Eleva- 
tion of the blood nonprotein nitrogen may have 
a multiple pathogenic basis, resulting from a 
prerenal azotemia secondary to shock, caused 
by severe blood loss or dissection of the renal 
arteries with associated renal infarction, or, 
finally, from destruction and absorption of 
blood at the site of hemorrhage or external 
rupture. 

Pleural Fluid. In those patients with pleural 
fluid, a diagnostic tap may reveal a bloody 
fluid, most frequently present in the left pleural 
cavity. 

Icteric Index. Osgood, Gourley, and Baker®™ 
in 1936 first called attention to the presence of 
icterus in a patient with a dissecting aneurysm. 
The elevation was thought most likely a result 
of increased bilirubin production from the site 
of hemorrhage. Clinical icterus is usually 
absent, but occasionally it may be detected, 
especially when there is slow hemorrhage into 
the mediastinum or retroperitoneal space. Clini- 
‘al icterus was detected in one of the patients 
in our series. The icteric index was 18. Un- 
fortunately, the test was not performed in any 
of the other patients, so its value in the diag- 
nosis of dissecting aneurysm cannot be properly 
determined. 

Serum Amylase. In 2 patients an elevated 
serum amylase was detected. Both of these had 
abdominal pain and were suspected of having 
acute pancreatitis. One of these whose serum 
amylase was 300 units was subjected to an 
exploratory operation with the preoperative 
diagnosis of a perforated peptic ulcer with a 
contiguous pancreatitis. The operative findings 
were not remarkable, except for small-bowel 
distension. At autopsy there was found a dis- 
secting aneurysm involving the superior mesen- 


teric artery with hemorrhage about the head of 
the pancreas. In the other patient the serum 
amylase value was 500 units. In this patient 
the dissection of the aorta had only extende:| 
inferiorly to the beginning of the lower third 
of the thoracic aorta. The pancreas appearc | 
grossly normal. No other reports of elevation 
of serum amylase in association with dissectiy 
aneurysm were found in the literature. 


DIAGNOSIS 


Willius® stated that the diagnosis of di- 
secting aneurysm was not made often becau: 
of the infrequence of its occurrence, the vavri- 
ations in the clinical manifestations with the 
absence of a characteristic syndrome, and 
limited usefulness of special diagnostic ad- 
juncts. It is our belief that the incidence of 
correct diagnosis can be and is being improved, 
and that from the study of large series of 
patients, such as the present group, the entity 
no longer appears bizarre, but falls into various 
syndromes which can often be readily recog- 
nized. 

Of the 58 patients in this series who were 
seen from 1935 to 1947, the correct diagnosis 
was made in 16 (28.5 per cent). Obviously, this 
is not a startlingly high percentage of correct 
diagnosis. David, McPeak, Vivas-Salas, and 
White! reported recently an incidence of correct 
diagnosis in 7 of 17 cases (41 per cent), these 
cases having been observed at the Massachu- 
setts General Hospital from 1935 to 1946. Shen- 
nan" was only able to report a correct ante- 
mortem diagnosis in 2 per cent of some 300 
‘vases reviewed up to 1934. Emery’ recently 
has reported 24 cases from Australia, none of 
which were correctly diagnosed. Reich” in a 
recent review from a large general hospital, 
reported 19 cases, only 2 of which had been 
correctly diagnosed antemortem. 

In the present series, in cases studied between 
1935 and 1940 the correct diagnosis was made 
in 18.7 per cent; in those studied between 194! 
and 1947, a correct diagnosis was made in 30.) 
per cent. Although this is not statistically sig 
nificant it seems to indicate a trend of increas 
ing accuracy in diagnosis with respect to dis 
secting aneurysm. 

Summary of the Diagnostic Features of Di-- 
secting Aneurysm. The various clinical features 
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of dissecting aneurysm have been described in 
-ome detail. These may be summarized as: 

1. A previous history of hypertension is fre- 
quently elicited. 

2. The onset is usually sudden and dramatic, 
vith a history of severe, agonizing pain in the 
chest or abdomen, radiating most frequently to 
the back or down into the abdomen. Radiation 
to the extremities is not common, but of diag- 
nostic value when present. Less often, the onset 
may be marked by syncope or unconsciousness. 

3. Clinical shock, with either lowered or ele- 
vated blood pressure, is usually present at the 
onset. 

!. Neurologic symptoms were present in 19 
per cent of the patients, and varied from onset 
with syneope, dizziness, unconsciousness, or 
hemiplegia, all due to interruption of the cere- 
bral blood supply, to transient weakness and 
anesthesia of one or more extremities due to 
ischemia of peripheral nerves or to interference 
with the blood supply to the spinal cord. 

5. Aortic diastolic murmurs were present in 
27.5 per cent of this series of patients. The 
appearance of a diastolic aortic murmur with 
aneurysmal dilatation of the ascending aorta, 
severe chest or abdominal pain, and negative 
serologic reactions is almost pathognomonic of 
dissecting aneurysm. Other investigators report 
the incidence of aortic diastolic murmurs as 
high as 56 per cent. 

(. Inequalities of pulse and blood pressure 
recordings were found in 19 per cent of the 
patients. 

7. Renal symptoms, such as oliguria, flank 
pain, and hematuria, when present, facilitate 
the diagnosis. They are usually due to dis- 
section of the renal arteries, but may also be 
duc to primary renal disease. 

S. The most common electrocardiographic 
tracing encountered is that characteristic of 
left ventricular strain. In equivocal cases the 
absence of the pattern of myocardial infarction 
is in favor of the diagnosis of dissecting aneu- 
ry-is in preference to that of coronary occlu- 
sion. The pattern of acute coronary occlusion 
does not rule out the possibility of dissecting 
ancurysm. The occurrence of varying patterns 
0! myocardial ischemia, acute pericarditis, and 
u-cmia in association with dissecting aneurysm 
lis been discussed. All the electrocardiograms 
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(40 patients) showed abnormality. A normal 
pattern is unlikely in persons with dissecting 
aneurysm. 

9. Chest x-ray examinations were performed 
on 20 patients. The value of the finding of a 
widened supracardiac shadow, progressive en- 
largement of the ascending or descending aorta, 
the double-barrelled shadow, and _ similar 
changes has been discussed. Twenty per cent 
of the patients had left pleural effusions. Car- 
diae enlargement, which is left ventricular in 
type, is often present. 

10. Other laboratory data, such as the find- 
ings of anemia, leucocytosis, hematuria, ele- 
vated icteric index, and elevated serum am- 
ylase, have 
diagnosis. 


value in ascertaining the correct 


PROGNOSIS 


The duration of survival has already been 
discussed (table 2). In our series of 58 patients, 
21 (36.2 per cent) died within forty-eight hours 
of the onset, 22 (35 per cent) survived three to 
sixty days, and 15 (25.9 per cent) survived 
three months to eight years. These statistics 
indicate a much better outlook than do those 
usually given. Weiss, Kinney, and Maher® felt 
that healing takes place in about 10 per cent 
of cases, whereas we found it in 25.9 per cent. 
Actually, if the work of Mote and Carr" is 
considered, the actual number of patients with 
dissecting aneurysm dying within the first 
twenty-four to twenty-eight hours would be 
greatly increased and correspondingly the per- 
centage surviving into the “healed” type de- 
creased. Mote and Carr reported 60 deaths due 
to acute dissecting aneurysms recorded at the , 
San Francisco Coroner’s Office over a five-year 
period. 

TREATMENT 


The management of these patients in many 
ways is not unlike that of patients with coro- 
nary occlusion. Absolute bed rest with feeding 
of the patient should be enforced for a long 
period of time. The pain should be relieved by 
the liberal use of morphine, employing large 
doses if necessary. Oxygen should be used con- 
tinuously for dyspnea and shock, or if signs of 
occlusion of vessels persists. In profound shock, 
transfusions of whole blood may be life-saving. 
Fluids should be administered slowly and the 
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diet should be light and bland, as in coronary 
occlusion. Regulation of diet and bowel move- 
ments should be such that the patient is spared 
undue muscular effort. Sedation, preferably 
that of chloral hydrate, should be used as indi- 
‘ated. The patient should not be subjected to 
repeated x-ray examination and fluoroscopy 
in an effort to find out what is going on in the 
mediastinum. A bedside plate is indicated. 
Operative re-entry in those cases which have 
resulted in occlusive disease of the iliacs has 
been reported by Gurin, Bulmer, and Derby.® 
This may prove not only beneficial in relieving 
the local obstruction but may prolong life and 
result in a greater percentage of “chronic or 
healed” dissecting aneurysms. Anticoagulant 
therapy (such as heparin or dicumarol treat- 
ment) is definitely contraindicated. 


SUMMARY 


The literature has been reviewed, and the 
findings in 58 cases of dissecting aneurysm 
from the Los Angeles County Hospital from 
1935 to 1947 have been presented, with empha- 
sis on distinguishing clinical features and an 
attempt at clinicopathologic correlation. Par- 


ticular stress has been placed on the frequency 
of the aortic diastolic murmur and the mecha- 
nism of its production. Electrocardiograms were 
made in 40 of the patients, and these have been 
‘arefully reviewed and classified in an effort 
properly to evaluate the electrocardiogram in 
the diagnosis of dissecting aneurysm. 
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A Study of the Venous Pulse in Tricuspid Valve Disease 


By Avpison L. Messer, M.D., Joun Wituis Hurst, M.D., Maurice B. Rappaport, E.E. 
AND Howarp B. Spraavues, M.D. 


Diagnosis of lesions of the tricuspid valve is often difficult. Mechanically, however, the action of 
this valve is capable of study through its effect upon the peripheral veins, somewhat as the dis- 
turbances of the aortic valve are reflected in the peripheral arteries. The conditions to be differ- 


entiated are “‘organic”’ 


versus “functional” regurgitation, and obstruction of the valve from 


rheumatic stenosis. Graphic records of the venous pulse with suitable reference tracings may make 


this possible. 


HE PRESENCE of an unusually large 

positive ventricular systolic pulsation in 

the internal jugular veins has been recog- 
nized for years as a sign of tricuspid regurgita- 
tion. White and Cooke! have suggested that, 
when this type of pulsation has been present 
for months or years without significant con- 
gestive heart failure, tricuspid stenosis also 
may be present. The value of noting the degree 
of venous distention and the presence or ab- 
sence of venous pulsation is generally appre 
ciated, but it is rare that actual timing of the 
pulse waves by simultaneous auscultation of 
the heart is attempted. Such observations can 
be made without difficulty unless the heart 
rate is rapid. 

The clinical and pathologic features of tri- 
cuspid stenosis and regurgitation have been 
adequately discussed.*~°° In all of the cases 
reported the factors leading to the correct diag- 
nosis ante mortem consisted in a high index 
of suspicion and the recognition of the periph- 
eral manifestations of this lesion. When other 
peripheral signs of tricuspid regurgitation are 
present, i.e., expansile pulse of the liver, ascites, 
venous engorgement, and edema; the mani- 
festations in the jugular veins will always be 
present. It is for this reason that careful ob- 
servations of the character of the pulsation in 
the jugular veins is one of the most important 
clues to abnormality of the tricuspid valve. 

Description of the normal venous pulse and 
the technic of graphic recording can be found 
in the monographs of Wiggers*! and Groedel.” 
There are three important points in observing 
or recording the venous pulse. First, the in- 
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ternal jugular, not the external or superficial, 
is the most suitable vein to use. Second, be- 
cause this vein lies beneath the sternocleido- 
mastoid muscle it is important that there be 
no tension in this muscle, for tension can com- 
pletely obliterate or greatly alter the pulsations. 
It is best to have the subject’s head facing 
forward or rotated slightly toward the side 
used for recording or observing. The head 
should never be rotated greatly as this will 
cause excessive tension in the neck muscles. 
Third, the upper half of the patient’s body must 
be elevated to the point where the veins will 
be seen to empty and fill with the greatest 
amplitude. This position must be determined 
individually for each patient. 

Venous pulsation can be distinguished from 
arterial by the general configuration of rounded 
undulating waves of the former, by the fact 
that arterial pulsation is easily palpable whereas 
venous pulsation is not, and, most important, 
by timing the waves with the heart sounds 
during auscultation. 

The venous pulse in tricuspid regurgitation 
tends to lift the sternocleidomastoid muscle 
slowly during the latter part of ventricular 
diastole; this elevation becomes suddenly more 
marked during systole and is followed by an 
abrupt and pronounced collapse of the vein 
immediately after the second sound. This di- 
astolic collapse ot the vein is one of the most 
striking features of tricuspid regurgitation. 

We are reporting 10 patients who presented 
this type of pulsation. In 6 of the patients 
tricuspid regurgitation was associated with 
acute or chronic right ventricular failure end 
dilatation of the tricuspid valve ring without 
evidence of organic valvular disease. Four pa- 
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tien's had rheumatic heart disease with multi- records of those patients in whom tricuspid 
ple valvular involvement, and, in addition to regurgitation was associated with dilatation 
the abnormal venous pulse, had other periph- of the right ventricle without stenosis of the 
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lic. 1.—A (top tracing). Phonocardiographic, venous pulse, and electrocardiographic tracings 
made during heart failure unassociated with tricuspid regurgitation. A.G indicates presystolie (auric- 
lar) gallop; point x indicates the normal systolic collapse. 

B (middle tracing). Tracings made three and one half months following those shown in A after tri- 
uspid regurgitation had developed. The venous pulse shows an absence of the normal systolic col- 
ipse which has been replaced by a positive systolic wave, TR, owing to tricuspid regurgitation. The 
liastolie collapse, point y, is now quite striking. 

C (bottom tracing). Phonocardiogram and venous pulse tracing, made after the congestive failure 
iad cleared, showing a normal systolic (x) and disatolie (y) collapse. 
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de eral signs of tricuspid valve disease. A  di- valve and of those in whom tricuspid regurgi- 
t anto ic murmur at the lower end of the sternum tation and stenosis were thought to be present, 
: coull be heard or recorded in all patients of showed certain differences. 


, the iatter group. A comparison of the graphic The tracings reproduced were made at 75 
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mm. per second with a Sanborn Tri-Beam proved to be of greater value than the former 
Stethocardiette and the venous pulse was re- because it provides the most accurate refer- 
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Fic. 2.—Phonocardiogram, venous pulse record, and electrocardiogram. There is a low energy 
systolic murmur (SM). The venous pulse shows a plateau-like positive wave following the e wave 
and replacing the normal systolic collapse; this wave (TR) is due to tricuspid regurgitation and ends 
in an abrupt diastolic collapse (y) when the tricuspid valve opens. 
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Fic. 3.—A (top tracing). Phonocardiogram, arterial pulse record, and electrocardiogram. The 
phonocardiogram shows a low energy systolic murmur (SM) and a low-frequency diastolic murmur 
(DM) at the apex. 

B (bottom tracing). Phonocardiogram, venous pulse record, and electrocardiogram. The phono- 
cardiographic tracing made over the tricuspid area shows a systolic murmur (SM) and diastolic 
murmur (DM). The venous pulse has a positive systolic wave (TR) due to tricuspid regurgitation. 
The deep diastolic collapse (vy) coincides with the diastolic murmur. 


corded by means of a crystal microphone.**: *4 ence tracing for the beginning and ending ol 
An electrocardiogram and phonocardiogram mechanical systole as well as for other events 
were recorded as reference tracings; the latter during the cardiac cycle. 





| 
| 





t 


| 
| 





MESSER, HURST, RAPPAPORT, AND SPRAGUE 391 


Figures 1 and 2 illustrate venous pulse trac- 
ing ‘rom two patients with right ventricular 
dilatation and variable tricuspid regurgitation 
without evidence of stenosis. In figure 1, A, 
the venous pulse shows no evidence of tri- 
cuspid regurgitation although the patient had 
congestive failure with pulmonary congestion, 
high venous pressure, and peripheral edema. 
In figure 1, B, made after the patient had a 
sudden weight gain of 25 pounds associated 
with 2 marked increase in edema and ascites but 
little increase in dyspnea, the venous pulse 
shows tricuspid regurgitation. Figure 1, C, made 
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type of venous pulse together with chronic en- 
largement of the liver was present for several 
months to over a year without marked dyspnea 
or orthopnea being manifest in these patients 


DIscUSSION 

The positive late systolic wave is not an 
exaggeration of any of the normal waves in 
the jugular pulse but replaces what would 
normally be a negative wave or collapse of the 
vein. It is due to the regurgitation of blood 
through an incompetent tricuspid valve. This 
transmission to the jugular vein prevents the 
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Fic. 4.—A (top tracing). Phonocardiogram, venous pulse record, and electrocardiogram. The 
phonocardiographic tracing made at the apex shows a systolic murmur (SM) and a diastolic murmur 
DM). Following the ¢ wave in the venous pulse there is a positive wave (TR) due to tricuspid re- 
eurgitation with a diastolic collapse (y) coinciding with the diastolic murmur. 
B (bottom tracing). Phonocardiogram, carotid pulse record, and electrocardiogram. These tracings 
show the difference between the form of the arterial and venous pulse ir the neck. The phonocardio- 
gram was made over the tricuspid area. 


alter partial compensation, shows the normal 
systolic collapse of the venous pulse indicating 
a return of competence of the tricuspid valve. 
Figure 2 is an illustration of the venous pulse 
showing tricuspid regurgitation associated with 
dilats\ion of the tricuspid valve ring in another 
patieit. 

Ficures 3 and 4 are examples of the type of 
Veno\is pulse tracings we have obtained from 
paticnts with rheumatic heart disease and mul- 
tiple valvular lesions with evidence of tricus- 
pid regurgitation. None of these patients pre- 
senicd acute or recent congestive failure. This 


normal late systolic emptying of the veins into 
the venous reservoir within the thorax and is 
responsible for the systolic distention of these 
veins. At the end of systole there may occur 
some decline in the positive wave of regurgi- 
tation. However, the deep diastolic collapse 
does not occur until the tricuspid valve opens. 
This collapse always coincides with the dias- 
tolic murmur associated with blood flowing 
through the valve when tricuspid stenosis is 
also present. 

A comparison between the graphic tracings 
of the patients with tricuspid regurgitation 
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due to dilatation of the tricuspid ring and those 
of patients with organic disease of the tri- 
cuspid valve demonstrates certain differences. 
In the latter group the positive systolic wave 
begins at a definite interval after the ¢ wave, 
the rise is slower than in the former group, 
and the peak tends to occur somewhat later. 
The diastolic collapse is slower; however, the 
onset and maximum collapse coincide with the 
diastolic murmur associated with ventricular 
filling. The factors responsible for the delay in 
the rise of the systolic regurgitant wave seem 
to consist of (1) incomplete filling of the right 
ventricle due to the valvular obstruction and 
(2) a similar impedance at the valve during 
regurgitation, associated with transmission of 
the wave against a higher atrial pressure. This 
is shown in figure +. The second systole occurs 
relatively early and the delay in the systolic 
venous wave (1A) is evident. However, the 
abrupt diastolic collapse occurs with the open- 
ing of the tricuspid valve and the onset of the 
diastolic murmur. When diastole is short, in 
the presence of mitral or tricuspid valve steno- 
sis, the atria do not have sufficient time to 
empty and, at the onset of systole, the ven- 
tricles are less well filled than under normal 
conditions. The result is a smaller regurgitant 
stroke volume against a higher atrial pressure. 
In those patients in whom tricuspid regurgi- 
tation is due to dilatation of the valve ring 
there is no mechanical interference in ventric- 
ular filling; hence, although the venous and 
atrial: pressures may be high, the systolic wave 
of regurgitation occurs earlier in systole. In 
our records from patients with tricuspid re- 
gurgitation due to severe right-sided heart fail- 
ure, the early rise of the positive systolic wave 
in the venous pulse was a constant feature, al- 
though the heart rates were relatively rapid 
and comparable to the faster rates of those 
patients thought to have tricuspid stenosis. 


Conclusions 


1. The normal phlebogram from the internal 
jugular vein shows a negative wave, due to 
collapse of the venous pulse in the latter part 
of ventricular systole, when the veins empty 
into the thoracic venous reservoirs. 


2. Tricuspid regurgitation replaces this nega- 
tive wave with a positive wave as the veins 
distend from backflow, and it is followed by 
an abrupt diastolic venous collapse. 

3. When tricuspid regurgitation is combined 
with tricuspid stenosis there is a delay in the 
appearance of this positive wave following the 
¢ wave, the rise of the wave is slower, the peak 
occurs later, and the diastolic collapse is slower, 

4. These differences in the venous records 
in “functional” tricuspid regurgitation as ¢on- 
trasted with those from patients with org:nic 
tricuspid stenosis are accounted for by imped- 
ance effects due to the stenosis. 
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Myocardial Lesions Produced by Digitalis in the Presence 
of Hyperthyroidism: An Experimental Study 


By Wiuuiam H. Dearine, M.D., Artie R. Barnes, M.D., AND Hiram E. Essex, Pu.D. 


Calculated therapeutic doses of digitalis and its derivatives did not produce demonstrable micro- 
scopic changes in the myocardium of experimental animals. Toxic doses of digitalis (twice a thera- 
peutic dose) induced myocardial lesions in animals. In those animals with experimentally induced 
mild to moderate hyperthyroidism, calculated therapeutic doses of digitalis did produce myoear- 
dial lesions. Toxie doses of digitalis administered to animals with mild to moderate hyperthyroidism 
caused extensive degenerative changes in the myocardium or promptly killed the animals without 


associated microscopic lesions. 


HIS INVESTIGATION was under- 

taken in order to determine whether 

myocardial lesions are produced more 
readily in animals with induced hyperthyroid- 
ism than in normal animals when various doses 
of digitalis are administered. A previous study! 
had shown that calculated therapeutic doses of 
digitalis fail to produce any demonstrable 
organic lesions in the myocardiums of normal 
animals. 


REVIEW OF LITERATURE 


Histologic changes in the myocardiums of animals 
with experimental hyperthyroidism were reported 
in at least eight articles from 1913 to 1935.2-° These 
histologic changes ranged from minor fatty degen- 
eration in the muscle fibers to frank necrosis of the 
muscle fibers with exudative cellular infiltration. 
Fibroblasts and fibrosis have been described as re- 
placing destroyed myocardial bundles. Lewis and 
McEachern’® in 1931, Rake and McEachern": ® in 
1931 and David" in 1938, however, were unable to 
demonstrate specific myocardial lesions in animals 
with experimental hyperthyroidism. Fahr in 1916, 
Goodpasture,'® Hashimoto,? and Fahr and Kuhle!® 
in 1921 and Goodall and Rogers'? in 1927 found 
evidence of histopathologic changes in the hearts of 
patients with hyperthyroidism. Baust'* and Lahey'® 
in 1930 considered that pathologic changes do not 
occur in the myocardiums of patients who have hy- 
perthyroidism. Various other authors,?°-2* however, 
have stated that heart failure does occur in hyper- 
thyroidism without any evidence of coexisting cardiac 
disease (coronary sclerosis, syphilis, or rheumatic 
carditis), but that it is not encountered often. The 
voluminous literature dealing with cardiac dila- 
tation, cardiac hypertrophy, metabolism, and chem- 
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ical and physiologic changes in clinical and experi- 
mental hyperthyroidism will not be mentioned be- 
cause it is beyond the scope of this article. 

Histologic changes produced in the myocardiums 
of animals by various preparations of digitalis have 
been described frequently since 1904'. 2** and many 
investigations have dealt with the role of digitalis in 
hyperthyroidism. Foster,** Sturgis,*! Grant,®> and 
others in 1925 and 1926 reported that digitalis was 
of value in hyperthyroidism when auricular fibril- 
lation without heart failure was present. In 1932, 
Barker and his associates*® stated that digitalis was 
less effective in auricular fibrillation associated with 
hyperthyroidism than with auricular fibrillation as- 
sociated with any other condition. Plummer*’ in 
1925 noted that administration of digitalis increased 
the mortality rate in cases of hyperthyroidism. This 
observation, in part, furnished the stimulus for this 
investigation. Many investigators**-5" have reported 
electrocardiographic changes in hyperthyroidism 
which are, however, not characteristic of the dis- 
order. The changes include tachyeardia, various 
vardiae arrhythmias (premature contractions, par- 
oxysmal auricular and ventricular tachycardia, au- 
ricular flutter, auricular fibrillation, and heart block). 
There were high P waves, tall T waves, decrease in 
amplitude of T waves, negative T waves, elevated 
RS-T segments, and depressed RS-T segments. The 
majority of investigators have concluded that there 
is no specific change in the electrocardiogram which 
is characteristic of hyperthyroidism. 

The electrocardiographic changes in man anil 
animals following the administration of digitalis 
also have been recorded by many investigators froin 
1909 to 1947.5!-83 It will be seen from their paper- 
that digitalis may not induce any significant chang: 
in the electrocardiogram or it may produce sinu- 
bradycardia, sinus tachycardia, prolonged P-R ii 
terval, pulsus bigeminus, increase in the height ‘ 
the T waves, decrease in the height of the T wave- 
negative T waves, elevation of the RS-T segment! 
depression of RS-T segment, and so forth, depen! 
ing on the circumstances and the dosage of digits 
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Meruops 


Cts which appeared to be in good health were 
ysed for our studies. Each animal was trained to lie 
quietly on its right side while electrocardiograms 
vere taken. A control tracing was made each day 
until the contour of the tracing was fairly constant, 
and the animal was trained satisfactorily. 

Tle animals were weighed and then fed thyroid 
extract, double strength U.S.P., mixed with fresh 
meat each day. This dose of double strength U.S.P. 
thyroid extract varied from 1.0 to 2.0 Gm. per 
kilogram of body weight. When the animal failed 
to eat the food containing the thyroid extract, 1.0 
to 2.0 mg. of thyroxin (prepared by Dr. E. C. Ken- 
dall) per kilogram of body weight was administered 
parenterally each day. An endeavor was made to 
render the animals moderately hyperthyroid, so that 
each animal would lose from 18 to 28 per cent of its 
weight during the course of the hyperthyroidism. 
Attempts were made in a few animals to measure 
the increase in the metabolic rate after adminis- 
tration of thyroid extract or thyroxin, but the pro- 
cess Was considered too time-consuming and was 
disearded in favor of methods which permitted us to 
study a larger series of animals in which the degree 
of hyperthyroidism was estimated on basis of loss 
of weight, tremor, and heart rate. 

After evidence of hyperthyroidism was exhibited, 
various preparations of digitalis were administered 
parenterally in a single dose. Digitalis (2.0 ec. = 
1.0 cat unit = 0.8 U.S.P. XII digitalis units), digi- 
toxin (0.2 mg. per ec. ¢.: 0.42 mg. per kilogram of 
cat = minimal lethal dose), and lanatoside A (0.35 
mg. per kilogram of cat = minimal lethal dose) 
were the preparations used. In order to maintain 
hyperthyroidism after digitalis was given, 1.0 mg. 
of thyroxin per kilogram body weight was injected 
daily into each animal. 

Electrocardiograms were made at least once a week 
during the interval of hyperthyroidism and almost 
every day after the digitalis was administered. 

When the course of studies was completed on each 
animal, the animal was killed quickly with ether or 
chloroform. Postmortem examination was performed 
promptly; blocks of tissue were removed from the 
heart and fixed in formalin. Sections of the heart 
were prepared, mounted on glass slides, and stained 
with hematoxylin and eosin for study. 

Control animals were treated exactly like the 
other animals except that the controls did not re- 
ceive digitalis or preparations of thyroid. A series 
of avimals was studied which received preparations 
of tlyroid without any digitalis. 


RESULTS 
Histologic Studies 


ihe animals used in these studies will be 
grouped, for the purpose of presentation, as 


follows: (1) Healthy control animals not treated 
with drugs, (2) animals with induced hyper- 
thyroidism, (3) animals given calculated thera- 
peutic or toxic doses of digitalis, and (4) ani- 
mals with induced hyperthyroidism which 
received digitalis in various doses. 

Normal Animals. Thirty-two healthy cats 
that had not received any drugs served as 
control animals. Examination of the myocar- 


Fic. 1.—Degenerative changes in myocardial fibers 
of animals with severe hyperthyroidism (hematoxylin 
and eosin X275). 


diums of these animals revealed no significant 
histologic abnormalities. 

Animals with Induced Hyperthyroidism Only. 
These were divided into two groups: (1) those 
with moderate hyperthyroidism (loss of from 
18 to 28 per cent of total weight) produced by 
administration of thyroid extract or thyroxin 
for ten to twenty-six days and (2) those with 
severe hyperthyroidism (loss of from 25 to 51 
per cent of total weight) induced by doses of 
thyroid extract or thyroxin or both in nine to 
twenty-seven days. All except one of the ani- 
mals with moderate hyperthyroidism were 
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killed while all those with severe hyper- 
thyroidism died. 

No myocardial lesions were found in the 8 
animals with moderate hyperthyroidism. These 
animals are the controls for our studies on the 
effect. of digitalis in hyperthyroidism. 

The effect of severe hyperthyroidism on the 
myocardium was studied since changes in myo- 
cardial tissue have been described in the pres- 
ence of hyperthyroidism in man and animals. 
Animals with severe hyperthyroidism could not 









Administration of Thyroid 


















be used as controls for our studies since the 
animals became too ill, the duration of the 
study could not be satisfactorily controlled, 
and the animals died readily of concurrent 
respiratory infections or of the induced meta- 
bolic disorder. In 2 of the 8 animals with severe 
hyperthyroidism, lesions developed. These con- 
sisted of scattered zones of destructive changes 
in the myocardial fibers (fig. 1). 

Animals which Were Given Calculated Thera- 
peutic or Toxic Doses of Digitalis. It has been 
shown by the authors! that calculated thera- 
peutic doses of digitalis did not produce evi- 
dence of histologic changes in the myocardium 












TaBLeE 1.—Effect of Calculated Therapeutic Doses of Digitalis on Histologic Changes in the Myocardium of Animas 
with Hyperthyroidism 


| Duration 
sy eeEyecliam | NeeheBeore and Aer | | Dowso Digitalis (pr| Alter, | Termination | Migiee Changes 
. fe leet 
Moderate 3.8-3.2 | 16 28 30; digalen | 4 Killed No 
Mild 2.6-2.3 | 12 28 | 30; digalen | 14 Killed No 
Moderate 2.2-1.8 | 18 25 | 30; digalen 2 Died | No 
Moderate 3.7-3.0 | 27 25 | 30; digalen 10 Killed | No 
Moderate 3.6-2.8 | 22 21 30; digitoxin 1 Died No 
Moderate 3.4-2.7 20 21 | 30; digitoxin 10 Killed No 
Moderate 3.0-2.2 26 21 30; digalen 10 Killed No 
Moderate 1.8-1.5 17 21 30; digalen 10 Killed No 
Mild 2.1-1.8 | 14 25 30; digalen 10 Killed | Yes + 
Moderate 3.0-2.4 | 20 21 30; digalen 10 Killed Yes + 
Moderate 1.5-1.1 | 2 21 30; digalen 6 Died Yes ++ 
Moderate 3.42.6 | 24 21 30; digalen 7 Died Yes ++ 
Moderate 2.41.9 | 20 | 21 30; digitoxin | 10 Killed Yes ++ 
Moderate 2.7-2.2 | 18 21 | 30; digitoxin | 10 Killed Yes +++ 
Moderate 2.3-1.8 | 20 21 | 30; digitoxin | 14 Killed Yes +++ 
Mild 3.22.8 | 13 21 | 30; digitoxin | 14 Killed Yes ++++ 
Moderate 3.2-2.4 | 22 21 30; digitoxin | 10 Killed Yes ++++4+ 
Moderate 4.7-3.3 31 25 | 30;digalen | 9 | Died Yes ++++ 
*M.L.D. = Minimum lethal dose. 


PRODUCED BY DIGITALIS 


of 24 animals. In the present studies, 6 norma! 
animals were given intravenously 30 per cent 
of the minimal lethal dose of digitoxin but nv 
evidence of myocardial lesions was found wher 
these animals were killed twelve days after tho 
drug was administered. In the previous publics - 
tion we noted that toxic doses of digitalis ea); 
produce myocardial lesions in animals. Histo- 
logic changes in the heart were produced by 
digitalis whole leaf or crystallin products of 
digitalis (digitoxin, lanatoside A, lanatoside }, 





and lanatoside C). In these experiments, 60 
to 80 per cent of the minimal lethal dose of 
digitalis was necessary to produce myocardial 
lesions. 

The important point to note here is that 
doses of digitalis which were calculated on the 
basis of body weight to correspond to those 
given therapeutically to man failed to produce 
any histologic changes in the myocardiums of 
the animals. 

Animals with Induced Hyperthyroidism whic! 
Received Digitalis. Calculated therapeutic doses 
of digitalis given to animals with mild or mode: 
ate hyperthyroidism can produce myocardi:'! 








W. H. DEARING, A. R. 


lesions as shown in table 1. It is to be recalled 
th:t comparable doses of digitalis did not in- 
du-e any evidence of structural changes in the 
heart of animals without hyperthyroidism. 

emonstrable histopathologic changes de- 
veloped in the heart muscles of 10 of the 18 
animals with mild or moderate hyperthyroidism 
which received calculated therapeutic doses of 
digitalis (fig. 2). Two of these 18 animals died 
within one to two days after administration of 
the digitalis preparation. In previous studies! 
we showed that it was necessary for animals to 
live for at least five days, even after highly 
toxic doses of digitalis, before histologic changes 
could be demonstrated in the heart muscle; 
hence it was not likely that these 2 animals 
which died so soon would exhibit any myo- 
cardial lesions. 

Smaller doses of digitalis (5 to 20 per cent of 
the minimal lethal dose) were much less likely 
to produce histologic changes in the myocar- 
dium of animals with mild to moderate hyper- 
thyroidism as shown in table 2. Toxic doses of 
digitalis, however, either killed the hyperthy- 
roid animal before sufficient time had elapsed 
for the development of cellular necrosis in the 
heart muscle or the animal died within a few 
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Fic. 2.—Degenerative changes in myocardium of 
animal with moderate hyperthyroidism which re- 
ceived calculated therapeutic dose of digitalis (hema- 
toxylin and eosin X275). 


Tasie 2.—Effect of Small Doses of Digitalis on Histologic Changes in the Myocardium of Animals with Hyper- 


thyroidism 
Administration of Thyroid 5 
Duration 
resem | Wesht Belov and ater || Dowgof Distal ps, | walter | Teminatn | Male Coe 
Kg. ae dad (days) 

Moderate 4.3-3.6 16 28 5; digalen 14 * Killed No 
Mild 4.4-3.9 11 28 5; digitoxin 14 Killed No 
Moderate 4.6-3.7 19 28 5; digitoxin 14 Died No 
Moderate 1.8-1.4 22 25 5; digitoxin 10 Killed No 
Moderate 3.7-2.9 22 25 5; digitoxin 10 Killed No 
Moderate 3.8-2.9 23 25 5; digitoxin 10 Killed No 
Mild 2.6-2.2 15 25 5; digitoxin 10 Killed No 
Mild 2.9-2.5 14 25 5; digitoxin 10 Killed No 
Moderate 3.6-2.9 18 25 5; digitoxin 10 Killed No 
Mild 2.0-1.8 10 25 5; digitoxin 10 Killed No 
Moderate 3.0-2.2 27 21 5; digitoxin 10 Killed No 
Mild 3.0-2.7 10 21 5; digitoxin 10 Killed No 
Moderate 2.5-2.0 21 21 5; digitoxin 10 Killed Yes + 
Mild 3.2-2.8 13 25 10; digitoxin 25 Killed No 
\loderate 3.7-3 19 |. 25 10; digitoxin 25 Killed No 

lild 4.2-3.8 9 28 20; digitoxin 14 Killed No 
“evere 3.6-2.5 30 25 20; digitoxin 10 Killed 


*\I.L.D. = Minimum lethal dose. 


Yes ++ 
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days from extensive destructive changes in the 
myocardium (table 3 and fig. 3). 


TABLE 3-- 


‘ant alteration when compared to the control 
tracing; (2) sinus tachycardia; (3) sinus brady- 


Effect of Toxic Doses of Digitalis on Histologic Changes in the Myocardium of Animals with Hyper- 


thyroidism 


Administration of Thyroid 


Duration 
— oe f Study oe 
Degree of Weight Before and Afte Dose of Digitalis (per . . 5 oe Histologic Change: 
Hyperthyroidism isaac zh sit cent M.L.D.* and drug) pietis Termination in Syecesdion: 
Ke ~~ cent men (days) 
m ost 
Mild 2.1-1.9 9 26 = 60; digalen 1 Died No 
Moderate - 25 ~=60; digalen I Died No 
Moderate -- 25 © 60; digitoxin 1 Died No 
Severe 1.8-1.2 33 21 60; digitoxin 2 Died No 
Severe 3.0-2.1 30 21 60; digitoxin 1 Died No 
Moderate 1.7-1.3 24 22 ~—s- 80; digitoxin 5 Died Yes ++ 
Mild 2.8-2.3 14 21 ~=60; lanatoside A 6 Died Yes +++4 
Moderate 2.6-2.0 23 25 60; digalen 5 Died Yes ++-44 
*M.L.D. = Minimum lethal dose. 


The myocardial lesions in hyperthyroid ani- 
mals which received sufficient digitalis con- 
sisted of hemorrhage, cellular degeneration or 
necrosis, and inflammatory cellular exudates. 
Fibroblastie proliferation occurred if cireum- 
stances of the study permitted. 


Electrocardiographic Studies 

The animals in which hyperthyroidism was 
induced did not exhibit any characteristic elec- 
trocardiographic patterns; that is, the electro- 
-ardiographic changes were not constant and 
were not typical of hyperthyroidism to the 
exclusion of all other conditions. In the 
majority of the animals with hyperthyroidism, 
sinus tachycardia developed. At times, ven- 
tricular premature contractions, tall T waves, 
short T waves, negative T waves, elevated 
RS-T segments, and depressed RS—T segments 
were observed. Some of the electrocardio- 
graphic changes in the three standard limb 
leads when thyroid preparations had been 
administered to the animal for approximately 
three weeks are shown in figures 4 to 6. 

When doses of digitalis, which were calceu- 
lated not to exceed corresponding therapeutic 
doses for man, were given to animals with ex- 
perimental 
changes were noted with varying frequency 
among more than 500 electrocardiograms (each 
with three standard limb leads): (1) no signifi- 


hyperthyroidism, the following 
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Fic. 3. 

cardium of moderately hyperthyroid animal which [ 
received toxic dose of digitalis (hematoxylin and 
eosin X275). 


Iixtensive degenerative changes in myo- 







cardia; (4) ventricular premature contraction: ; 
(5) paroxysmal auricular or ventricular tach- 
‘ardia; (6) ventricular fibrillation; (7) ce- 
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Control. 3 weeks 
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Fic. 4.—Series of electrocardiograms made on one animal comparing the control tracing with 
those made after three weeks of hyperthyroidism and then one day and ten days after a calculated 
therapeutic dose of digitalis was given. No histologic changes were found in the myocardium on the 


tenth day after digitalis was administered. 
a 
eee 
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Control after thyroid after digitalis after digitalis 


Fic. 5.—Series of electrocardiograms made on one animal comparing the control tracing with 
hose made after three weeks of hyperthyroidism and then one day and ten days after a calculated 
herapeutie dose of digitalis was given. Definite myocardial lesions were found on the tenth day 
ifter digitalis was administered. 
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% 


pressed RS-T segments in one or more leads, 
usually in Leads I and II or Leads IT and III; 
(8) elevated RS—T segment in Leads I and II or 
Leads II and III; (9) decrease in height of T 
waves, and (10) negative T wave in Leads I 
and II, Leads II and III, or oceasionally in all 
three leads. 

We were unable to correlate any definite 
electrocardiographic pattern with myocardial 
lesions, although elevation of the RS-T seg- 
ments as in figure 6 was usually associated with 
demonstrable cellular necrosis in the heart mus- 


yn A re 


3 weeks 
Control 


Fia. 6. 


after thyroid 


estimated the degree of hyperthyroidism rather 
than performed an actual determination of the 
increase in the metabolic rate with special appa- 
ratus. (2) We have calculated the dose of 
digitalis for the cat on the basis of body weigiit 
of the animal and have compared it with thie 
dose used for human beings on the basis of 
units of body weight. We have no way of 
knowing whether the cat and man are equa'ly 
sensitive to digitalis. We think this statement 
applies to whole-leaf digitalis that has been 
standardized by the cat unit method or (or 


F laeletln ante a ieee tiailiatdikas 


1 day 


10 days 
after digitalis 


after digitalis 


Series of electrocardiograms made on one animal comparing the control tracing with 


those made after three weeks of hyperthyroidism and then one day and ten days after a calculated 
therapeutic dose of digitalis was given. Definite myocardial lesions were found on the tenth day after 


digitalis was administered. 


cle. Negative T waves and depression of the 
RS-T segments are not necessarily indications 
of observable histologic myocardial lesions. 


COMMENT 


It is apparent that digitalis in calculated 
therapeutic doses may produce myocardial 
lesions in animals with hyperthyroidism while 


the same dose of digitalis will not induce any 


demonstrable pathologic changes in the heart 
of normal animals. 

It should be pointed out that certain sources 
of error exist in these studies: (1) We have 


crystallin products (digitoxin and the lanato- 
sides) which have been prepared gravimetri- 
‘ally for administration. (3) The morphologic 
study of the myocardium does not indicate the 
multitude of chemical and metabolic changes 
that may occur in the myocardium of anima!s 
treated with thyroid preparations or with dig'- 
talis preparations. Our studies show that an- 
mals treated with these preparations may dic 
without any demonstrable lesion having d 
veloped in the myocardium. 

It was noted that the older the animal, | 
more likely it is to have changes in the m) 
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eardium after digitalis has been administered. 
None of the animals had any signs or symptoms 
suevestive of cardiac decompensation. 


SUMMARY 


\ 


o demonstrable microscopic lesions were 
found in the myocardium of 32 normal animals 
to which drugs were not administered. Thyroid 
extiact (double strength U.S.P.) and thyroxin 
proluced myocardial lesions in 2 animals of 8 
animals with severe hyperthyroidism but did 
not induce any demonstrable pathologic change 
in the myocardiums of 8 animals with moderate 
hyperthyroidism. Calculated therapeutic doses 
of digitalis did not produce definite myocardial 
lesions in 30 animals without hyperthyroidism 
but did induce myocardial lesions in 10 out of 
18 animals with mild to moderate hyperthy- 
roidism. 

Toxie doses of digitalis, when given to ani- 
mals with mild or moderate hyperthyroidism, 
caused extensive degenerative changes in the 
myocardium if the animals survived more than 
five days or resulted in death within one to two 
days among animals in which microscopic 
changes could not be found in the myocardium. 

The myocardial lesions produced by digitalis 
in animals with hyperthyroidism consisted of 


hemorrhage, degeneration or necrosis of myo- 
cardial fibers, and inflammatory cellular exu- 
dates. Fibroblastic proliferation occurred if cir- 
cumstances permitted healing of the damaged 
myocardium, 


Numerous electrocardiographic changes were 
noted in the presence of experimental hyper- 
thyroidism both when digitalis had been ad- 
ministered and when it had not. None of the 
¢lectrocardiographie changes could be ascribed 
fo any pattern which was characteristically 
associited with the myocardial lesions. 


REFERENCES 


'Dexsrinc, W. H., Barnes, A. R., AND Essex, 
Hi. E.: Experiments with calculated therapeutic 
and toxie doses of digitalis; I. Effects on the 
nyoeardial cellular structure. Am. Heart J. 
25: B48, 1943. 

*Fav rant, Rupert: Hyperthyroidism: Its experi- 
ental production in animals. Brit. M. J. 2: 

163, 1913. 
‘H\<Himoro, Hirorosut: The heart in the experi- 


mental hyperthyroidism with special reference 
to its histology. Endocrinology 5: 579, 1921. 

*GooppastuRE, KE. W.: The influence of thyroid 
products on the production of myocardial ne- 
crosis. J. Exper. Med. 34: 407, 1921. 

’ TakANE, Kazugst: Uber die experimentelle akute 
Myokarditis durch Thyreoidin und Jodsalze. 
Virchows Arch. f. path. Anat. 259: 737, 1926. 

MEnNE, F. R., Keane, R. H., Henry, R. T., 
AND Jones, N. W.: The heart in hyperthy- 
roidism—An experimental study. Am. Heart J. 
8: 75, 19382. 

7 ——: The heart in hyperthyroidism: Report of its 
instance and comment upon experimental pro- 
duction of similar lesions in the hearts of rab- 
bits. Northwest Med. 33: 286, 1934. 

BoykseEN, Dirrricu: Thyreotoxische Herzmuskel- 
shiidigungen. Virchows Arch. f. path. Anat. 
293: 342, 1934. 

® von ZaLKA, EpMuND: Herzmuskelveriinderungen 
bei experimentellem Hyperthyreodismus. Beitr. 
z. path. Anat. u. z. allg. Path. 95: 590, 1935. 

Lewis, J. K., anp McEacuern, DONALD: Per- 
sistence of an accelerated rate in the isolated 
hearts and isolated auricles of thyrotoxie rab- 
bits: Response to iodides, thyroxine and epine- 
phrine. Bull. Johns Hopkins Hosp. 48: 228, 
1931. 

1 RAKE, GEOFFERY, AND McEACHERN, DONALD: 

Ixperimental hyperthyroidism and its effect 

upon the myocardium in guinea pigs and rab- 

bits. J. Exper. Med. 54: 23, 1931. 

—, Anp ——: A study of the heart in hyper- 

thyroidism. Am. Heart J. 8: 19, 1982. 

18 Davip, CorNEL: Experimentelle Untersuchungen 
iiber den Antagonismus zwischen Vogan und 
Thyroxin mit Beobachtungen iiber die Thyrox- 
inwirkung auf das Herz. Ztschr. f. d. ges. 
exper. Med. 104: 397, 1938. 

4 von Faur, T.: Histologische Befunde an Kropf- 
herzen. Zentralb. f. allg. Path. u. path. Anat. 
27: 1, 1916. » 

15 GOODPASTURE, I. W.: Myocardial necrosis in 
hyperthyroidism. J.A.M.A. 76: 1545, 1921. 

16 Faur, T., AND Kune, J.: Zur Frage des Kropf- 
herzens und der Herzveriinderungen bei Status 
Thymicolymphaticus. Virchows Arch. f. path. 
Anat. 233: 286, 1921. 

17 GoopALL, J. S., AND Rogers, LAMBert: The na- 
ture of thyrotoxiec myocarditis. Lancet 1: 486, 
1927. 

18 Baust, Hans: Uber histologische Befunde an 
Kropfherzen. Beitr. z. path. Anat. u. z. allg. 
Path. 86: 543, 1931. 

19 Langy, F. H.: Hyperthyroidism associated with 
cardiac disorders. Surg., Gynec. & Obst. 50: 
139, 1930. 

20 Keeper, EK. J., AND BarRNes, A. R.: Congestive 
heart failure and hypertrophy in hyperthy- 


=... 





402 MYOCARDIAL LESIONS PRODUCED BY DIGITALIS 


roidism; A clinical and pathological study of 
178 fatal cases. Am. Heart J. 8: 102, 1932. 

2 Laney, F. H.: Thyroid operations in cardiac dis- 
ease. S. Clin. North America 14: 1225, 1934. 

2 HurxTHaL, L. M.: The thyrocardiac. In: Frank 
Harvard Lahey; Birthday Volume. Springfield, 
Il]. Charles C Thomas, 1940. Pp. 245-269. 

23 Likorr, W. B., anp Levine, 8. A.: Thyrotoxi- 
cosis as the sole cause of heart failure. Am. J. 
M. Se. 206: 425, 1943. 

* Levitski, A. I.: O patologohistologicheskikh iz- 
mieneniyakh serdtsa pri otravleniyakh zhivot- 
nikh (krolikov, sobak i koshek) preparatami 
naperstyanki; (k etiologii eksperimentalnavo 
mikokardita). [Pathologo-histological changes 
of the heart of animals (Rabbits, Dogs and 
Cats) poisoned with digitalis preparations; 
(on the etiology of experimental myocarditis).] 
S.-Petersburg, V. P. Meshtsherski, 1904. 

23 BUCHNER, Franz: Herzmuskelnekrosen durch 
Digitalisglykoside. Klin. Wehnschr. 12: 1237, 
1933. 

——: Herzmuskelnekrosen durch hohe dosen von 
Digitalisglykosiden. Arch. f. exper. Path. u. 
Pharmakol. 176: 59, 1934. ss 

27 Bauer, H., AND FroMHERzZ, K.: Uber die Kumlie- 
rung der Digitalisglykoside. Klin. Wehnschr. 
12: 973, 1933. 

28 ——: Zur Kenntnis der Ursachen der Kumulier- 
ungserscheinungen der Digitalisglykoside; I. 
Mitteilung: Ergebnisse physiologischer Metho- 
den. Arch. f. esper. Path. u. Pharmakol. 172: 
699, 1933. 

29 Wresk, H., anp Dieckuorr, J.: Zur Kumulation 
der Digitaliglykoside. Arch. f. exper. Path. u. 
Pharmakol. 176: 274, 1934. 

30 Hu, C. H., Liev, V. T., ano Li, R. C.: Anatomical 
changes in the hearts of dogs and frogs poisoned 
by glycosides of the digitalis group. Chinese 
M. J. Suppl. 1: 31, 1936. 

31 LINDNER, WERNER: Kumulation von Digitalis- 
stoffen und histologische Verinderungen im 
Herzmuskel. Arch. f. exper. Path. u. Pharmakol. 
190: 210, 1938. 

2 Kayser, F. A., GINSBERG, HAROLD, AND GILBERT, 
N. C.: The effect of certain drugs upon the 
eardiotoxie lesions of digitalis in the dog. Am. 
Heart J. 31: 451, 1946. 

33 Foster, N. B.: Goiter heart. Am. J. M. Se. 169: 
662, 1925. 

3% Srurcis, C. C.: The heart and its management 
in hyperthyroidism. Rhode Island M. J. 8: 
141, 1925. 

35 GRANT, 8. B.: The heart in goiter. In: BARTLETT, 
Witiarp: The Surgical Treatment of Goiter. 
St. Louis, C. V. Mosby Company, 1926. Chap. 
3, pp. 49-63. 

36 BaRKER, P. S., Bonninc, ANN L., AND WILSON, 
F. W.: Auricular fibrillation in Graves’ dis- 
ease. Am. Heart J. 8: 121, 1932. 


37 PLuMMER, H. 8.: Use of digitalis in hyperthyroid 
cases. J.A.M.A. 84: 1868, 1925. 

38 HorFMANN, AuGust: Die Elektrographie als Un.- 
tersuchungsmethode des Herzens und ihre | 
gebnisse, Wiesbaden, J. F. Bergmann, 1914 

39 KruMBHAAR, EF. B.: Electrocardiographic obsery::- 
tions in toxic goitre. Am. J. M. Se. 155: 175, 
1918. 

40 Wuirr, P. D., anp Aus, J. C.: The electrocardiv- 
gram in thyroid disease. Arch. Int. Med. 22: 
766, 1918. 

41 Lewis, THomas: Clinical Electrocardiography, «1. 
3. Chicago, Chicago Medical Book Company, 
1924, 126 pp. 

# Kerr, W. J., AND HENSEL, G. C.: Observations 
of the cardiovascular system in thyroid dis- 
ease. Arch. Int. Med. 31: 398, 1923. 

4 LevINE, 8S. A., AND Sturais, C. C.: Hypertliy- 
roidism masked as heart disease. Boston M. «& 
S. J. 190: 233, 1924. 

*¢ Witson, F. N.: The cardiae disturbances asso- 
ciated with diseases of the thyroid gland. 
J.A.M.A. 82: 1754, 1924. 

‘5 Hamitron, B. E.: The heart in toxie thyroid 
states. S. Clin. North America 4: 1411, 1924. 

46 BAUMGARTNER, FE. A., WeBB, C. W., AND ScHoon- 
MAKER, Husenrt: Auricular fibrillation in goitre. 
Arch. Int. Med. 33: 500, 1924. 

47 McGuire, JOHNSON, AND FouLGER, MARGARET: 
The influence of thyroid extract and hyper- 
thyroidism on the electrocardiogram, with spe- 
cial reference to the T waves. Am. Heart J. 8: 
114, 1932. 

48 Don, C.S8. D., AND LANGLEY, G. J.: Some aspects 
of the electrocardiogram in toxic goitre. Quart. 
J. Med. 1: 9, 1932. 

49 Davis, A. C., AND Suiru, H. L.: Complete heart 
block in hyperthyroidism; A report of six cases 
with necropsy findings in one case. Proc. Staff. 
Meet., Mayo Clin. 7: 641, 1932. 

5° GoRDON, GILBERT, SOLEY, M. H., AND CHAMBER 
LAIN, F. L.: Electrocardiographic features as 
sociated with hyperthyroidism. Arch. Int. Med. 
73: 148, 1944. 

51 Nicoual, G. F., anp Simons, A.: Zur Klinik des 
Elektrokardiogramms. Med. Klin. 5: 160, 1909 

® Srraus, H.: Der Einflufs von Strophanthin, Ad 
renalin und Muskarin auf die Form des Elek 
trokardiogramms. Ztschr. f. Biol. 58: 106, 1910 

583 SELENIN, W. P.: Das Elektrokardiogramm und 
die pharmakologischen Mittel aus der Gruppe 
des Digitalins, und des Digitoxins. Pfliiger’> 
Arch. f. d. ges Physiol. 143; 137, 1912. 

5| BickeL, A., AND Partow, W.: Uber den Einflus- 
einiger Herzmittel auf die Kurve des Elektro 
kardiogramms. Biochem. Ztschr. 48: 459, 191» 

55 RoTHBERGER, C. J., AND WinrerBERG, H.: Ub: 
den Einfluss von Strophantin auf die Reizbi! 
ungsfahigkeit der automatischen Zentren ( 





W. H. DEARING, A. R. BARNES, AND H. E. ESSEX 403 


Herzens. Pfliiger’s Arch. f. d. ges Physiol. 150: 
217, 1913. 

ouN, A. E., Fraser, F. R., aNp Jamieson, R. A.: 
The influence of digitalis on the T wave of the 
human electrocardiogram. J. Exper. Med. 21: 
593, 1915. 

HITk, P. D., AND Satrier, R. R.: The effect of 
digitalis on the normal human electrocardio- 
vram, with especial reference to A-V conduc- 
tion. J. Exper. Med. 23: 613, 1916. 
BINSON, G. C., AND Wixson, F. N.: A quanti- 
tative study of the effect of digitalis on the heart 
if the cat. J. Pharmacol. & Exper. Therap. 10: 
191, 1918. 

** Harris, [., aNp Epry, 8.: Electro-cardiographie 
depression produced by digitalis. Lancet 1: 
164, 1918. 

6” pp Boer, 8.: Uber der Einfluss der Geschwindig- 
keit der Reizleitung auf die Form des Kam- 
merelektrogramms. Pfliiger’s Arch f. d. ges. 
Physiol. 173: 78, 1919. 

« Parper, H. E. B.: Rate of absorption of digitalis 
from gastro-intestinal tract; A clinical study. 
J.A.M.A. 75: 1258, 1920. 

® McCuLLtock, Hugu, ano Rupr, W. A.: Studies 
on the dosage of digitalis in children. Am. J. 
M. Se. 162: 231, 1921. 

*% Parpek, H. E. B.: The standardization of digi- 
talis by its action on the human heart. J.A.M.A. 
81: 186, 1923. 

* Marvin, H. M., Pastor, R. B., AND CARMICHAEL, 
Maseu: The electrocardiogram and blood pres- 
sure during surgical operation and convales- 
cence: Effect of routine preoperative digitaliza- 
tion. Arch. Int. Med. 35: 782, 1925. 

* DeGrarr, A. C., AND WIBLE, C. L.: Production 
by digitalis of T-wave changes similar to those 
of coronary occlusion. Proc. Soc. Exper. Biol. 
& Med. 24: 1, 1926. 

® Yacorn, J.. AND Papanayotou, D.: Des modifi- 
cations electrocardiographiques sous |’influence 
de la digitale et de ’ouabaine. Arch. d. mal. du 
coeur, 20: 24, 1927. 

“Coun, A. E., AND Stewart, H. J.: The relation 
between cardiac size and cardiac output per 
minute following the administration of digitalis 
in normal dogs. J. Clin. Investigation 6: 53, 
1928, 

*Kautson, G.: Beitrag zur Diagnose der Herz- 

iskelschwiiche. Verhandl. d. deutsch. Ges- 
elisch. f. inn. Med. 40: 421, 1928. 
Brivis, W. A.: The effect of digitalis on the elec- 
ardiogram; An experimental study on dogs 
aid eats. Arch. Int. Med. 43: 676, 1929. 
 Bromer, A. W., ano Biumeart, H. L.: The 
aintenance dose of digitalis; An electrocardio- 
eraphie study. J.A.M.A. 92: 204, 1929. 


71 BLUMENFELDT, ERNST, AND Strauss, 8. G.: Der 
Kinfluss der Digitalis auf die Finalsehwankung 
des Elektrokardiogramm. Ztsechr. f. klin. Med. 
113: 502, 1930. 

72 Bras, W. A., AND GABERMAN, PETER: The effect 
of digitalis on the T-wave of the electrocardio- 
gram. An experimental study in human beings. 
Am. Heart J. 6: 804, 1931. 

73 Heres, F.: Einfluss der Digitalis auf das Elek- 
trokardiogramm. Ztschr. f. Kreislaufforsch. 23: 
485, 1931. 

7 WINTERNITZ, Max: Der Einfluss der Digitalis- 
droge auf den Kammerkomplex des insuffizien- 
ten menschlichen Herzens. Ztschr. f. klin. Med. 
119: 632, 1932. 

75 BauER, Hetimut: Zur Kenntnis der Ursacher der 
Kumulierungserscheinungen der Digitalisglyko- 
side. I. Mitteilung: Ergebnisse physiologischer 
Methoden. Arch. f. exper. Path. u. Pharmakol. 
172: 699, 1933. 

76 RoutieR, Danie, AND Puppu, Virrorio: Etude 
clinique de l’action de la digitale sur l’electro- 
cardiogramme. Arch. d. mal du cceur 28: 800, 
1935. 2 

77 ASCHENBRENNER, REINHARD: Uber das Digitalis- 
elektrokardiogramm. Klin. Wehnschr. 15: 1039, 
1936. 

78 Kortu, C., AND SpanG, K.: Die Wirkung des 
Digitoxins auf Elektrokardiogramm und Herz- 
muskel der Katze; ein Beitrag zur Klirung der 
Frage nach der Bedentung der Digitalisver- 
ainderungen im Elektrokardiogramm. Arch. f. 
exper. Path. u. Pharmakol. 184: 349, 1937. 

79 LaRsEN, Kays, NeukrrcuH, Fritz, AND NIELSEN, 
N. A.: Electrocardiographic changes in normal 
adults following digitalis administration. Am. 
Heart J. 13: 163, 1937. 

80SpanG, K., aNnp Kortu, C.: Die Wirkung des 
Digitoxins auf Elektrokardiogramm und Herz- 
muskel der Katze; ein Beitrag zur Klarung der 
Frage nach der Bedentung der Digitalisver- 
anderungen im Elektrokardiogramm. II. Mitt- 
eilung. Arch. f. exper. Path. u. Pharmakol. 188: 
690, 1938. 

81 Bauer, H., AND REINDELL, H.: Zur Kenntnis der 
Ursachen der Kumulierungserscheinungen der 
Digitalisglykoside; Verlauf einer Digitoxinver- 
giftung. Arch. f. exper. Path. u. Pharmakol. 
190: 461, 1938. 

8 Drarinec, W. H., Barnes, A. R., AND Essex, 
H. E.: Experiments with calculated therapeutic 
and toxic doses of digitalis; Effects on the elec- 
trocardiogram. Am. Heart J. 25: 665, 1943. 

83 CuRRENS, J. H., AnD Wooparp, R. C.: Ventricu- 
lar tachyeardia with electrical alternans re- 
sulting from digitalis excess. Ann. Int. Med. 26: 
120, 1947. 





Circulatory Adjustments to the Hypoxemia of Congenital 
Heart Disease of the Cyanotic Type 
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Ina limited number of subjects having hypoxemia related to congenital malformations of the heart, 
no evidence was obtained of a correlation between the degree of hypoxemia or the extent of the poly- 
eythemia and the systemic blood flow. The circulatory response to exercise was characterized by a 
greater increase in the arteriovenous oxygen difference than in the systemic blood flow. A syncopal 
reaction in one patient was preceded by a greatly increased systemic blood flow and a small arterio- 


venous oxygen difference. 


MONG individuals with cardiac mal- 
formations which permit venous ar- 
terial shunts, the oxygen saturation of 

arterial blood varies widely, but when such 
persons are in a good state of nutrition it 
usually is more than 70 per cent. This article 
is concerned with the circulatory adjustments 
to hypoxemia related to congenital heart dis- 
ease. Particular mention will be made of two 
possible mechanisms that may maintain the 
oxygen saturation of arterial blood above a 
certain critical level. The first possibility is an 
increase in systemic blood flow and the second 
is an increase in the oxygen capacity of the 
blood. Both these mechanisms would allow 
higher oxygen saturations of venous blood, the 
first by a decrease in the difference in oxygen 
content of arterial and venous blood through 
increased blood flow, the second by producing 
a smaller decrease in the oxygen saturation of 
the venous blood. The latter includes the as- 
sumption that the arteriovenous oxygen differ- 
ence remains the same. If the shunted venous 
blood is highly saturated with oxygen, it is 
apparent that the shunt will cause less decrease 
in the oxygen saturation of the arterial blood 
than would an equal quantity of venous blood 
which is less well saturated with oxygen. The 
systemic flow values represent the systemic 
cardiac output, with both ventricles con- 
tributing to this output in the presence of an 
intracardiac venous shunt. The percentage of 
venous blood shunted tends to remain constant 
in some cases,' though in other cases, par- 
ticularly during collapse reactions, the per- 


From the Mayo Clinic and Mayo Foundation, 
Rochester, Minn. 


centage of venous blood shunted (considered 
as a number of cubic centimeters of vencus 
blood per 100 ce. of aortic flow) may be 
markedly increased. Further analysis of the 
factors responsible for the drop in arterial oxy- 
gen saturation with exercise constitutes the 
second purpose of this paper. 


MerEtTHops 


From the group of patients on whom venous 
catheterization of the heart has been performed 
in our laboratory, 20 subjects were selected 
who were in a good state of nutrition and who 
seemed to have accommodated themselves 
reasonably well to their intracardiac shunt and 
the consequent decreased tolerance to exercise. 
Individuals constantly unable to carry out 
mild activity were excluded as were those with 
extremely low arterial oxygen saturation. The 
majority of the patients were adults and none 
had shown any recent change in their com- 
pensation to their defect as judged by the 
history. None, however, could be said to have 
a normal tolerance to exercise. 

The physiologic tests performed on each pa- 
tient were in two parts, and a day or so inter- 
vened between the tests. The first was the 
exercise test in which the patient walked on a 
treadmill at 1.7 miles per hour, during which 
time the arterial oxygen saturation was meas 
ured by an ear oximeter? and was also detet 
mined at intervals by manometric analysis’ 0 
a sample of blood withdrawn with an indwelling 
arterial needle. Exercise was routinely con 
tinued for five minutes, unless the patient’ 
tolerance to exercise did not permit him 
continue as noted in table 1. 





TABLE 1.—Summary of Data in Twenty Cases 


Clinical Diagnosis 


Kisenmenger’s 
complex 
EKisenmenger’s 
complex 
Kisenmenger’s 
complex 
Eisenmenger’s 
complex (?) 
Kisenmenger’s 
complex 
Isolated dextro 
cardia; septal 
defect 
Isolated dextro 
cardia; septal 
defect 
Isolated levo 
cardia; septal 
defect 
Kisenmenger’s 
complex (?) 
Atrial septal de- 
fect 
Tricuspid 
atresia 
Tricuspid 
atresia 
Pulmonary ste- 
nosis; atrial 
septal defect 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tricuspid 
atresia 
Ventricular sep- 
tal defect 
Kisenmenger’s 
complex 
Lisenmenger’s 
complex 


Oz Up- 
take, 
(MI. per 
Min. per 
Sq. M.) 


Toler- | Surface 
ance of | Area, 
Exercise |(Sq. M.) 


138 


Fair 


Good 


Fair 


Good 


Fair 


Poor 


Poor 


Fair 


Poor 


Good 


Fair 


Fair 


Poor 


Systemic 
Blood 
Flow, 
RQ (Liters 
per Min. 
per Sq. 
M.) 


Oz Ca- 
pacity 
(Vol. 


er 


p 
100 cc.) 


Arterial O2 
Satuation (%) 


Drop 
At on 
Rest Exer- 
cise 


90 17 


90 


Pressure 
P 
per 100 
cc.) 
(Rest- 
ing) 


(mm. Hg) 
(Rest- 
ing) 


5.7 | 112/55 


* light breakfast. 

** Patient unable to exercise more than two minutes. 

ltecent pulmonary hemorrhages. 

/rop in saturation by standard oximeter only. 

§ Some of the clinical and diagnostic features of Cases 11 and 17 have been discussed by Geraci, Dry, and 
Bur hell (Atrial Septal Defect and Probable Tricuspid Atresia in Adults, Proc. Staff Meet., Mayo Clin. 23: 510- 
516 Oct. 27] 1948.) 


Patient unable to carry out exercise in laboratory. 


405 


+ 
+ 
+ 
\ 
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The second part of the investigation con- 
sisted of -atheterization after the 
method of Cournand and Ranges‘ as modified 
by Wood and associates.2 All the tests were 
performed in the morning and many of the 
patients had had a light breakfast approxi- 
mately two hours previously. The breakfast 
was allowed on the thesis that true basal states 


-ardiac 


could not be obtained in any instance and as 
the procedure was primarily for diagnostic pur- 
poses, the patient would be more comfortable 
during the procedure if he ate breakfast. The 
oxygen saturation of arterial blood was deter- 
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of blood were obtained simultaneously froin 
the catheter and from an indwelling arteri:| 
needle (table 2). The oxygen uptake during 
exercise was determined by the collection «f 
the expired air beginning after the first minuie 
of exercise and continued for the length of the 
exercise as a rule, either as a single collection 
or two collections. 

Approximately one-half of the patients h:d 
a ventricular septal defect and a large pulmo- 
nary artery, which is Eisenmenger’s compl:x 
in general. It must be emphasized that. tie 
problem of obtaining samples of the blood 


TaBLe 2.—Circulation Measurements at Rest and Exercise in Selected Patients 


Uptake 
(Ml. per 


Diagnosis Position 


Or 


Sq. M. 


per Min. 


Tricuspid atresia Supine 
Standing 
Walking 
Supine 
Standing 
Walking 
Supine 
Standing 
Walking 
Supine 
Standing 
Walking 


Ventricular septal 
defect 


Eisenmenger’s com- 
plex 


Kisenmenger’s com- 
plex 


157 
173 
331 

163 
168 
395 
165 


372 
193 
210 
283 


* See text for discussion of validity of calculation. 


mined throughout the procedure by a modified 
sar Oximeter®: ° and samples obtained from the 
-atheter were assayed for their oxygen satura- 
tion by means of the whole blood oximeter.*® 
These results were checked frequently against 
Van Slyke analyses. 

Determinations of oxygen uptake were done 
by the collection and analysis of expired air in 
a metal gasometer and the metabolic rates 
were determined by the Mayo Foundation 
standards as discussed by Boothby, Berkson, 
and Dunn.’ The period of collection of the 
expired air in the resting state varied between 
five and ten minutes. 

In 4 patients (Cases 17 to 20) an exercise 
test was carried out while the tip of the cardiac 
vatheter was in the right atrium and samples 


Systemic 
Blood 
Flow, 
(Liters 
per Sq. M. 
per Min. 


Resting 
Oo 


A-V O: 
Difference 
(Vol. per 

100 cc.) 


Arterial 
Os Satu- 
ration 
per cent 


Per cent 
Venous 
Bloc 

Shunted 


RQ Capacity 
(Vol. per 


100 cc.) 


46 


wwe ww 
ot, I 


4 bo 


- Ww to 


Pw 


representative of true mixed venous blood in 
the presence of intracardiac defects is a difficult 
one as interchamber mixing of blood may occur 
and samples from the superior and _ inferior 
venae cavae may show considerable difference 
(frequently 1 to 1.5 volume per 100 cc.) in their 
oxygen content. We attempted to minimize 
the difficulty by depending on the oxygen con 
tent of blood from the vena cava checking wel! 
with that of blood from the right atrium. Pa- 
tients from whom adequate samples were not 
obtained were excluded from this series. 


RESULTS 


The results are summarized in table 1. Th 
patients as a rule had elevated metabolic rates 
All of them, however, when resting were qui 
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during the collection of the expired air and 
sh wed no overt signs of marked apprehension, 
an { most had normal respiratory quotients. 

n some patients with congenital intracardiac 
venous shunts we have observed that the oxy- 
ge) saturation of arterial blood drops with 
exercise to a level which is characteristic for 
the individual (fig. 1), and the level may not be 
changed by increment in the work, namely, by 
increasing the rate of walking from 1.7 to 2.2 
miles per hour. 


4 Walking 


o=Van Slyke 
analyses 


Minutes 


Fic. 1.—The effect of exercise on the oxygen satu- 
ration of arterial blood in 2 of our patients (Cases 
land 17) as measured by a modified oximeter reading 
and arterial samples. In Case 1, improvement during 
exercise followed the initial drop while in Case 17 the 
arterial saturation was maintained at a low level dur- 
ing exercise. Both patients show a characteristic tran- 
sient drop in the arterial oxygen saturation on 
changing to the supine position following their 
exercise. This is believed to be related to a rapid 
returr) to the heart, when the supine position is re- 
sume, of the desaturated blood pooled in the legs 
during the periods of standing. 


The average systemic blood flow measured 
as liiers per minute per square meter of body 
surice was 3.7, with a range from 1.1 to 6.9. 
Thee was a trend for the flow to be greater in 
pat'nts having the lower values for the oxygen 
cap city of the blood, but this was without 
Sta istical significance (correlation coefficient 
—1,34). 


The arterial saturation of blood during rest- 
ing showed no definite correlation with the 
oxygen capacity of the blood (correlation co- 
efficient —0.13) or the resting systemic flow 
(correlation coefficient —0.24) in this group of 
patients. 

The drop in oxygen saturation of arterial 

blood on exercise showed no definite corre- 
lation to the arterial oxygen saturation during 
rest, the systemic flow during rest, or the oxy- 
gen capacity of the blood. The correlation co- 
efficients being —0.37, +0.30, and +0.06, re- 
spectively. 
P The change in systemic flow related to exer- 
cise of 4 patients is shown in figure 2. None of 
these 4 patients showed the common mani- 
festations of heart failure, that is, systemic or 
pulmonary congestion. They were comfortable 
at rest and their hearts were not grossly en- 
larged. The 3 patients (Cases 17, 18, and 19) 
who completed the five-minute period of exer- 
cise (walking 1.7 miles per hour on the tread- 
mill) did so without obvious distress and the 
circulatory response was characterized by 
widening of the arteriovenous oxygen difference 
with little increase in systemic flow. The pa- 
tient (Case 20) who was unable to continue 
walking showed an opposite response. The data 
in Case 18 is graphically portrayed (fig. 3) and 
the plateau levels of oxyhemoglobin of both the 
arterial and mixed venous blood are to be noted. 
The patient may be said to have been in a 
steady physiologic state during the exercise 
period. In contrast, the results in Case 20 
(fig. +) show a progressive decrease in arterial 
saturation without evidence of equilibrium 
being established, and this was associated with 
progressive deterioration in the clinical state of 
the patient and finally with collapse. 


COMMENT 


All of these patients had a varied degree of 
disability, and, though free of edema or dyspnea 
at rest, could be said to have inadequate circu- 
lation under conditions of exercise. The symp- 
toms that appeared in some patients, either 
singly or together, were exhaustion, weakness, 
faintness or dyspnea. 

The results of the metabolic rates were 
equivalent to those we could expect in a group 
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of normal subjects under resting but nonbasal 
conditions. These patients presented no evi- 
dence of reduced tissue metabolism such as has 
been claimed by Bing and co-workers*® to occur 
in more severely hypoxic children with con- 
genital heart disease. The results in our group 


are in accord with the observations of Houston 


900 











o=Supine rest 
o-Standing 
e-Fxercise 


titude were remarkably uniform. Similar wiij- 
form results in the oxygen uptake in 2 subjects 
at low and high altitude were obtained 
Grollman."! 

The average systemic blood flow of our 20 
patients was slightly above the average norn.al 
as reported by Stead and his co-worker." 






Case 18 








i 1 L | 





. 18 

400 

| 

os | 

S| 

| 300! 

© 

8 

SS 

S 200+ 

Q 

& 

S 100+ 
|e 

Systemic flow-L/min./M* 
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from 61 to 39 per cent. 


the other subjects. 


and Riley® on individuals during acclimatiza- 
tion to low barometric pressure who showed no 
change in their oxygen consumption under 
conditions of rest and standard exercise at low 
pressure. Similar results were obtained by 
Douglas and co-workers,'® on frequent studies 
of oxygen consumption performed under con- 
ditions of rest and during exercise before and 
after ascent to Pike’s Peak. The figures for 
the oxygen uptake at near sea level and at al- 


The effect of exercise on the systemic blood flow and oxygen consumption in 4 patients 
discussed in the text. The oxygen saturations of arterial blood in Case 17 dropped from 86 to 70 per 
cent on exercise; in Case 18 from 95 to 85 per cent; in Case 19 from 79 to 48 percent and in Patient 20 
In Case 20 a physiologic steady state was never present and exercise lasted 
only a minute and a half. The dotted lines represent the border of normal responses and were con- 
structed by finding boundaries that would enclose the charted results obtained for 3 normal persons 
by Riley and his co-workers** and for 7 normal persons by Hickam and Cargill.28 Subject 5 of the 
latter investigators was excluded as the results for this subject differed so radically from those of 


Diecast aici scat 


04) 6 7 8 9 10 ll 12 13 
A-V 0, difference—cc. /100 cc. blood 





the lowest and highest values are definitely 
outside the normal range. However, Stead and 
his associates found the average index to be 3.5 
for the composed subject as compared to 5.» 
for the anxious one. Bing and co-workers* like- 
wise have found wide variation in the systemic 
flows of their cyanotic patients; the values 1) 
their cases, expressed as liters per minute pc 
square meter of body surface, ranged from 0.) 
to 11.40. In their group of 5 patients with th: 
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Fic. 3.—The effect of walking on the oxygen saturation of arterial and venous blood and the sys- 
temie blood flow in a patient with congenital heart disease (Case 18). 
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Fic. 4.—The effect of walking on the oxygen saturation of arterial and venous blood and sys- 
temic blood flow in a patient with congenital heart disease (Case 20). 
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Eisenmenger complex, Bing and his associates" 
found the systemic flow to be at low normal 
values (average 2.7). 

The maintenance of a favorable minimal 
oxygen saturation of arterial blood in cases of 
pulmonary arteriovenous fistulas through an 
increased systemic blood flow was suggested as 
a possibility by Burchell and Clagett." Actual 
determinations on this type of case are rare but 
the flow may be of normal value as in the case of 
Maier and associates'® or increased as in the 
cases of Baer'® and of Baker and Trounce.” 

Extensive investigations have been carried 
out at high altitude concerning the effect of the 
hypoxemia on cardiac output. The fairly recent 
work of Asmussen and Consolazio'’ on Mount 
Evans is in general agreement with that of 
Grollman" on Pike’s Peak in indicating that an 
increased circulation rate (increased systemic 
arly in the acclimatization 
period. Grollman, from observations on hypoxia 
produced by mixtures of oxygen and nitrogen, 
concluded that the stimulus came at rather 
specific hypoxic levels, that is, when the oxygen 
in the inspired mixture dropped to 11.6 per cent. 
Such a stimulus threshold was supported by 
observations of Asmussen and Chiodi,'” who 
found that the oxygen in the inspired air had 
to be low enough to reduce the arterial oxy- 
hemoglobin to 70 to 80 per cent of normal in 


flow) occurred 


order to produce an increase in the cardiac 
output. In individuals acclimatized to low bar- 
ometric pressure in a low pressure chamber for 
several. days, Houston and Riley’ found an 
increased cardiac output as one of the less 
significant compensatory mechanisms. 

It is of interest that the 2 patients who had 
severe syncopal reactions on exercise showed a 
markedly different circulatory pattern prior to 
exercise. The one (Case 4) had an extremely 
low systemic flow (1.1 liters per minute per 
square meter), a big arteriovenous oxygen 
difference at rest, and prior to the faintness 
showed only a minor drop in arterial oxygen 
saturation on exercise. The other (Case 20) 
had a high systemic flow and a narrow arterio- 
venous oxygen difference at rest, and prior to 
faintness showed a marked drop in arterial 
oxygen saturation on exercise. In this latter 
case the respiratory quotient corresponding to 


oxygen consumption during the exercise w:s 
1.06 (table 2). This is possibly related to the 
fact that the period of oxygen uptake w:s 
allowed to extend past the time that the patient 
was actually walking, though he was still stan«- 
ing in place on the treadmill. During the latior 
part of the collection period for expired ayr, 
excess carbon dioxide was being lost. However, 
the exercise alone might have been respon- 
sible.'"° The mixed venous and arterial oxygen 
saturations were reasonably steady during t)iis 
period and the systemic flow value obtained 
probably has a validity in reflecting a hich 
systemic flow. Such a presyncopal high svsteniie 
blood flow in a severely hypoxic condition 
would suggest a reaction analogous to thiat 
observed by Anderson and associates”’ in which 


high blood flows were obtained in muscle in the 
induced hypoxic state prior to syncope. In 


their subjects, bradyeardia was a characteristic 
finding; in our patient, persistent tachycardia 
was recorded throughout the procedure by a 
‘ardiotachometer. 

In the circulatory collapse in normal subjects 
associated with anxiety, observed by Hickam 
and associates,! the cardiac output either 
dropped slightly or remained the same and 
similar results were reported by Warren and 
colleagues. The latter also mentioned the 
marked slowing of the pulse rate. Barcroft and 
his co-workers,” in studies on posthemorrhagic 
fainting, observed small decreases in the cardiac 
output inadequate to explain the fainting. None 
of these investigative groups stressed the tech- 
nical difficulties, namely, obtaining a well- 
fitting mask or mouthpiece and an adequate 
period of a minute or more, that have been of 
concern to us in the measurement of the oxygen 
uptake in the subject bordering on a collapse 
state. 

Extremely important in any consideration of 
hypoxemia is the possibility that this condition 
may be self-aggravating through increased pul- 
monary resistance to blood flow. Riley and 
associates*! noted that those patients who hac 
pulmonary disease and whose arterial oxyhemo 
globin dropped significantly during exercise 
were the ones whose pulmonary arterial pres 
sures were highest during exercise. Thes' 
workers questioned whether the elevation ©! 
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pressure in the pulmonary artery might be 
re] ted at least in part to the associated anoxia. 
They stated that such a possibility was given 
sone general support from the observation of 
Mo: ley and associates®® that in normal subjects 
the pressure in the pulmonary arteries rose 
wit!) the breathing of 10 per cent oxygen, and 
fron: the experiments of von Euler and Lil- 
jest:and?® on cats in which there was a constant 
decrease in the pressure in the pulmonary artery 
on udministration of 100 per cent oxygen and 
an increase on administration of 10 per cent 
oxygen in nitrogen. Von Euler and Liljestrand 
concluded from their experiments that the regu- 
lation of pulmonary blood flow was mainly 
mediated by local action of the blood and 
alveolar gases. 

In a ease of venous arterial shunt it might be 
assumed that an increase in pulmonary vascular 
resistance would cause an increase in the venous 
shunt and a further decrease in the percentage 
of arterial oxyhemoglobin. With the increased 
hypoxemia with exercise it is possible that a 
reciprocating aggravation of the hypoxic state 
might oceur in which both factors, the 
hypoxemia and pulmonary resistance, might 
propagate each other. We have no observa- 
tions which support such a thesis and have some 
observations in 3 cases in which such a phe- 
nomenon did not occur, the shunt remaining 
constant with exercise. Our calculations con- 
cerning the venous shunt in these patients 
when 10 to 14 per cent and 100 per cent oxygen 
were administered do not reveal uniform 
results. In one patient a decreased venous shunt 
on the administration of 100 per cent oxygen 
apparently occurred; in others, the shunt re- 
mained the same. One patient (Case 17) of this 
group has been studied at frequent intervals 
for two years. He has breathed 8 per cent 
oxygen for five to six minutes without distress 
on a number of occasions and has exercised 
for five minutes (walking 1.7 miles per hour on 
a tres dmill) while breathing 12 per cent oxygen 
without discomfort. Case 19 is of particular 
interest in that the arterial oxygen saturation 
decreased with exercise through .the range 
wheisin one might expect, from the work on 
hypoxie states of normal persons, that the 
cardiac output might be stimulated. There 


seems no evidence of this having occurred (fig. 
5). Patient 20 of the series was probably the 
most hypoxic patient and the percentage of 
venous blood shunted was unchanged by 
breathing 100 per cent oxygen, being calculated 
as 47 per cent. From these early observations, 
the conclusion seems probable that in patients 
who have congenital heart disease the total 
pulmonary vascular resistance bears no con- 
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Fic. 5.—The effect of breathing various percent- 
ages of oxygen and of exercise on the oxygen satura- 
tion of arterial blood in a patient with congenital 
heart disease. The values charted represent those ob- 
tained by Van Slyke analyses of samples of blood 
drawn from the radial artery. The blood was taken 
with an indwelling arterial needle at the time when 
the ear oximeter showed that a plateau of arterial 
saturation had been established. This patient was 
also able to carry é6ut the exercise test, walking 1.7 
miles per hour on a power driven treadmill, breathing 
12 per cent oxygen (Case 17). 


stant relationship to the degree of hypoxia 
which may be related to a high fixed pre- 
‘apillary resistance in a pulmonary stenotic 
esion, in pulmonary arteriolar sclerosis, or in 
the bronchial arteries. 

For this heterogenous group of patients no 
conclusions can be drawn regarding the possible 
benefits of the polycythemia (or increased oxy- 
gen capacity of the blood). Long-continued 
intraindividual variations may have to be fur- 
ther studied in this regard. In the 2 individuals 
of this series with low hemoglobin (oxygen 
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capacities of 15 and 16 ec. per 100 cc.) related 
to recurring pulmonary hemorrhages, we could 
not be certain of a clinically suspected increased 
disability. The oxygen capacity of the blood 
in Patient 17 had been reduced from 34 to 21 
volumes per 100 ec. by phlebotomies without 
reduction in tolerance to exercise but with a 
moderate, perhaps unrelated, decrease in ar- 
terial saturation during rest.' Likewise, due to 
variability between persons of this group, it 
would be unwise to draw any conclusions from 
the apparent possibility of slight inverse corre- 
lation between the oxygen capacity and the 
systemic blood flow. 

It is of interest that Asmussen and Con- 
solazio® stated that the drop in cardiac output 
after its initial rise at altitude was probably 
related to the development of polycythemia. 
As yet, evidence that polycythemia has a rela- 
tionship to cardiac output is not convincing; 
for instance, all the early work as reviewed by 
Grollman” on polycythemia vera indicated that 
the cardiac output in this condition was normal. 

The drop in oxygen saturation of arterial 
blood with standard exercise has shown no 
infallible correlation to the physiologic vari- 
ables studied in this group nor with the general 
clinical impression of the individual’s disability. 
However, as previously mentioned, the severely 
cyanotic children with extremely low oxygen 
saturation of arterial blood on exercise were not 
included. 

The circulatory changes of 3 patients during 
exercise were similar to those of Hickam and 
Cargill’s* patients with acquired heart disease 
who had congestive heart failure; that is, little 
increase in output with a large increase in the 
arteriovenous oxygen difference. It needs hardly 
be mentioned that even though the reaction is 
abnormal, it represents an increase in efficiency 
of the oxygen transport system. The fourth 
patient studied, already discussed in relation 
to the syncopal reaction, showed an increase in 
systemic blood flow with a narrow arterio- 
venous oxygen difference. In respect to the 
other 3 patients referred to, it is believed that 
they were in a relatively steady state during 
the exercise. In Case 18, serial samplings of 
expired air showed a close agreement in the 
oxygen uptake. It is of interest too that the 


increment in oxygen uptake of these 3 patients 
when walking at 1.7 miles per hour was in 
general agreement with the observations of 
Douglas and his associates,'? who found the 
oxygen consumption was increased by a factor 
of 2.7 when subjects walked at 2 miles per hour. 
It may be noted that in Cases 18, 19, and 20 
the percentage of venous blood shunted in- 
creased on exercise. The greatest increment in 
the shunt was in Case 20. The validity of the 
determinations of the percentage of venous 
blood shunted in these patients is dependent 
on the assumption that the pulmonary venous 
blood was normally saturated and remained so 
with exercise. The calculations were made alter 
the method of Burchell and Wood.! 

The arterial oxvgen saturation under con- 
ditions of rest in Case 18 varied on two different 
days from 91 to 95 per cent. The calculation 
of any small shunt present is fraught with 
possible error. Breathing 100 per cent oxygen, 
this patient’s arterial saturation was 100 per 
cent, and there were 1.6 cc. of excess oxygen in 
solution per 100 cc. of blood. At this time we 
could say no shunt was present. With exercise 
the arterial saturation abruptly decreased to 85 
per cent and the calculated percentage of 
venous blood shunted was 22. It may be 
mentioned that a decrease of this magnitude in 
the oxygen saturation of arterial blood has been 
observed by us occasionally in patients with 
pulmonary congestion and with severe pulmo- 
nary disease, but this observation is opposite 
to the usual rule. In a previous publication, two 
of us reported the tendency of 2 patients, one 
of whom was Case 17, to maintain the same 
relative percentage of shunt under varying con- 
ditions. These further observations on addi- 
tional patients indicate that an increase in the 
shunt may be an important contributing factor 
to the fall in arterial oxygen saturation under 
some conditions. 


SUMMARY AND CONCLUSIONS 


In the group of patients with cyanotic con- 
genital heart disease no correlations could be 
definitely established between the circulatio: 
rate (systemic flow) and the oxygen saturatio:: 
or the oxygen capacity of arterial blood. T! 
group was heterogenous in respect to ag 
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auatomie defect, and clinical disability. A 

| veshold value below which the oxygen ten- 

ion of arterial blood acted as a stimulus for an 
rease in systemic flow was not established 
hese cases. 

(he drop in arterial oxygen saturation on 
st:dard exercise showed no definite correla- 
tio) to oxygen saturation of arterial blood or 
sys'emic flow during rest, te the oxygen ca- 
pacity, or to the general clinical history. 

li was apparent that polycythemia was not a 
uniiormly necessary requirement for the well- 
being of the hypoxemic patient suffering from 
congenital heart disease of the cyanotic type. 

‘The dynamies of the circulation of 3 patients 
completing a standard exercise test resembled 
that reported in the literature as characteristic 
of persons in heart failure, that is, the increased 
oxygen transport was related more to an in- 
creased arteriovenous difference than to in- 
creased cardiac output. 

One individual, unable to continue exercise, 
whom we observed in the presyncopal state 
showed a great increase in the shunt of venous 


blood, a high systemic blood flow, tachycardia, 
and severe hypoxemia. 

No evidence was obtained that increasing 
hypoxia caused increased pulmonary resistance 
in the special cases studied. This possibility 
has not been excluded in the other cases. 
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Jhe Relationship between the Arterial Oxygen Saturation 
and the Cardiovascular Response to Induced 
Anoxemia in Normal Young Adults 


By RayMonD PenNeys, M.D., AND CAROLINE BeDELL Tuomas, M.D. 


The induced anoxemia test of cardiovascular function has been standardized according to the 
degree of anoxemia rather than the oxygen concentration of the gas mixture administered. The 
cardiovascular response of normal subjects at 80, 75 and 70 per cent arterial oxygen saturation 
is described. The changes can be closely correlated with the degree of anoxemia, as measured by 


the oximeter. 


Tt THE present time the most widely 
used method of studying the effect of in- 
duced anoxemia on the cardiovascular 

system consists of giving the subjects low oxy- 
gen gas (usually 10 per cent) inhalation for 
approximately twenty minutes and making ob- 
servations during this period. In previous com- 
munications'~* the variability of the degree of 
anoxemia, as measured by the blood arterial 
oxygen saturation, during inhalation of a gas 
of fixed low oxygen concentration was pointed 
out. The physiologic importance of standard- 
izing’ the induced anoxemia test of cardiovascu- 
lar function according to the level of the arterial 
oxygen saturation was discussed and a method 
of inducing and maintaining a constant degree 
of anoxemia by administering a gas of variable 
oxygen concentration was described. In one of 
these reports! the nature of the cardiovascular 
response of a small group of young men at 
levels of 85, 80, and 75 per cent arterial oxygen 
saturation was presented. It is the purpose of 
this report to give a detailed description and 
analysis of the effect of anoxemia upon the 
heart rate, blood pressure, and electrocardio- 
gram at levels of 80, 75, and 70 per cent arterial 
saturation in a substantial number of normal 
young adults. 


1m the Department of Preventive Medicine, Johns 

ns University School of Medicine, Baltimore, Md. 

‘u»ported in part by a grant from the United States 

Health Service, Federal Security Agency, and in 

ry funds made available for research by Abbott 

Laboratories, Eli Lilly & Company, Lederle Labora- 

tor, Div. American Cyanamid Company, Parke, 
Dav's & Company, and The Upjohn Company. 


METHOD 


Anoxemia was induced by the administration of 
mixtures of nitrogen and oxygen by means of a 
Heidbrink anesthesia machine. The arterial oxygen 
saturation was measured with the Millikan auto- 
matically-compensated oximeter. Details and modi- 
fications of the procedure have been reported else- 
where.’ 

Each subject rested on a bed in a quiet room until 
his or her blood pressure and pulse rate became 
stabilized. Electrocardiograms were made with a 
Cambridge electrocardiograph and standardized to 
give a 10-mm. deflection with 1 millivolt. In measur- 
ing the height of the RS-T segment, the P-Q or 
P-R segment was selected as the isoelectric line 
according to the method followed by Katz,‘ Malm- 
strém,> and others. Blood pressure was taken by 
the auscultatory method with a Tycos manometer; 
the heart rate was obtained from the electrocardio- 
gram. The blood pressure, pulse rate, and electro- 
cardiogram were taken before, during, and after the 
period of anoxemia. 

A total of 76 normal persons was studied. Seventy- 
two were medical students and the remainder were 
laboratory assistants. All but 3 of the subjects were 
men. Seventy-three of the subjects were between 22 
and 28 years of age; the other 3 subjects were 16, 17.. 
and 34 years old. All subjects were of the white race 
and were free from any cardiovascular disease as 
far as could be determined by a preliminary examina- 
tion, which included a detailed medical history, 
physical examination, and electrocardiogram. 

Eighty-one tests were performed on the 76 sub- 
jects. In most instances the arterial oxygen satura- 
tion was lowered in a “step-wise” manner* so that a 
subject was studied at more than one level of satura- 
tion during the same test. The various readings 
(electrocardiogram, ete.) usually were taken at each 
level. If the saturation was maintained at only one 
level, readings were taken at the end of approxi- 
mately ten and twenty minutes of anoxemia. The 
number of tests, according to the saturation at which 
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re dings were taken, are as follows: eleven at 80 
pe cent; thirty-two at 80 and 75 per cent; fourteen 
at SO, 75, and 70 per cent; eight at 75 per cent; 
sixteen at 75 and 70 per cent. fi r 

\ll subjects, therefore, were not studied at the 
sue levels of anoxemia. To determine the effect of 
aneyemia at a particular level, such as 80 per cent 
saturation, all readings at 80 per cent were totalled 
and compared to the readings obtained on the same 
sulvects during the control period. The difference 
was then expressed arithmetically. In columns 1, 2, 


95 
ARTERIAL 


levels are given in table 1. Graphic presentation 
shows that there is a progressive increase in 
certain values with lowering of the arterial 
oxygen saturation (fig. 1) which are consistent 
in the same individual at different levels of 
anoxemia (fig. 2). The nature and degree of 
these changes are described in detail below. 
Electrocardiographic Changes. Changes in RS- 
T segment, T wave, P wave, and heart rhythm, 


© Heart Rate 


T-Wave 
Lowering 


RS-T 
ao Deviation 


* Systolic 
Blood 
Pressure 


80 75 70 
OXYGEN SATUR ATION (°/0) 


Fic. 1.—Changes with Progressive Lowering of the Arterial Oxygen Saturation. Heart rate change 
(O) in beats per minute; T-wave lowering (@) in Lead II in tenths of mm.; RS-T deviation (A) in 
Leads I-IV inclusive in tenths of mm.; systolic blood pressure (A) in mm. Hg. 


and :\ of table 1, the differences between 80, 75, and 
70 per cent saturation and the control readings on 
roon air (before the anoxemia period) are presented. 
The (lifferences in taking a group of subjects from 80 
to 7) per cent are given in column 4 and from 75 to 
70 per cent in column 5. 


OBSERVATIONS 
Cai /iovascular Response at 80, 75, and 70 per 
cnt Arterial Oxygen Saturation 
‘The changes in heart rate, blood pressure, 
an! electrocardiogram noted at these three 


and evidence of coronary disease were noted as 
follows: 

RS-T Segment: The total RS-T deviation 
for Leads I to IV (CF,), inclusive, increased 
slightly with progressive anoxemia. It did not 
exceed 2.5 mm. at 80, 75, and 70 per cent 
saturation in any individual. The distribution 
of RS-T changes for each lead at each level of 
arterial saturation is given in table 2. It can 
be seen that when a change did occur it usually 
was a depression of 0.5 mm. and was more com- 
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monly found in Lead IT than in the other leads. 
A total of 37 out of the 76 subjects showed this 
type of change at one level or another. 
Further evidence that the RS-T deviation 
increases with lowering of the arterial satura- 


% 


of the subjects studied at 70 per cent saturation 
showed such changes. In contrast, the per- 
centage of subjects with no RS-T change in 
any lead decreased with lowering of the satur- 
tion. At 80 per cent saturation 38 per cent of 


75 % 


#20 +40 


HEART RATE 
(beats per minute) 


SYSTOLIC 


BLOOD 


PRESSURE 55 


(mm. Hg.) 


Fic. 2.—The Response of the Same Subjects to Different Degrees of Anoxemia. Each point repre- 
sents comparison of changes noted in one subject at the arterial oxygen saturations indicated along 
the abscissa and ordinate. Reference lines are drawn at 45 degrees to indicate identical values at the 
two levels of arterial saturation. (Figure continued on facing page.) 


tion is found in the increasing frequency of 
depression or elevation amounting to 1 mm., 
in any lead, in passing from 80 to 70 per cent 
saturation (table 2). Whereas, only 6 per cent 
of the subjects studied at 80 per cent showed 
that degree of deviation, 22 per cent of the 
subjects studied at 75 per cent and 43 per cent 


the subjects showed no change, while at 75 pe: 
cent the percentage of subjects decreased t 
28 per cent and at 70 per cent saturation t 
25 per cent. 

T Wave: In practically every test the T wa 
was progressively lowered with diminishing 4 
terial oxygen saturation. Statistical analysis : 
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the T-wave changes showed that the degree of 
lowering was closely correlated with the level 
of te arterial oxygen saturation. More striking 
evidence that the degree of T-wave lowering 
was related to the level of the arterial satura- 


% 


pronounced in Leads II or III. The most strik- 
ing example of elevation of the P wave with 
anoxemia is illustrated in figure 4. In this in- 
stance marked increase in P: and P3; occurred 
upon decreasing the arterial oxygen to 75 per 


% 


BLOOD PRESSURE -20 
(mm. Ha.) 


PULSE PRESSURE 
(mm. Hg.) 


Fic. 2.—Cont’d. 


tion was demonstrated in those tests where 
upright T waves became diphasie or inverted 
with progressive anoxemia (table 3). In all but 
one iistance these directional changes of the T 
wave took place in Leads HI or IV. The var- 
ious ‘ypes of T wave changes with progressive 
anox mia are illustrated in figure 3. 

P \Vave: Ten subjects showed elevation of 
the ? wave with anoxemia. The increase in 
heigiit ranged from 0.5 to 3 mm. and was most 


cent saturation, and there was no further in- 
crease at 70 per cent saturation. It may also be 
noted that P, decreased very slightly in ampli- 
tude, and the P wave in Lead IV; became 
inverted. 

Rhythm: The heart rhythm remained regu- 
lar during anoxemia; no transitory ectopic 
rhythms were noted. In two of three instances 
in which sinus arrhythmia was present during 
the control period, the rhythm became regular 
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wit!) anoxemia. In both tests this conversion of 
sins arrhythmia into normal sinus rhythm was 
associated with a concomitant increase in the 
hen t rate, amounting to 25 heats per minute. 


Tavis 2.—RS-T Deviations According to Lead of 
E. ctrocardiogram and Arterial Oxygen Saturation 


Changes in Arterial Oxygen 
Saturation (%) 
95 (approx) to 


80 75 | 70 
RS-T Dev. (mm.) Ivj 1 | \|m\Iv 


1 U{Ut IV) 1 jm 











41 0000000000 01 
+0.5 2.0 1 6 3 2 3) 6/0; 0/0 1 
0 50 41.52.39 58/38 45 44|26|15/18|18 
—0.5 12211119) 51917|13! 2} 6| 7| 6 
-1 021018 2 40/7) 3/2 
Total No. of Eleetro- 
cardiograms....... 64 67 | 28 


Numbers in blocks indicate number of eleetro- 
cardiograms with indicated deviation. ‘‘ Deviation”’ 
refers to arithmetic change from control value of 
RS-T segment on room air (before the period of 
anoxemia). 


Taste 3.—Change in the Direction of the T’ Wave 
According to the Degree of Anoxemia 


Subject’s Arterial Oxygen Saturation (%) 


Study (Lead 


No 95 (approx) 80 75 | 70 
19M10 IIL upright upright inverted) §—— 
IV, upright upright diphasic, — 
FJ. IV upright — diphasie} =—— 


18M56 IIT upright | diphasic inverted) —— 
48M33 IIL upright | diphasic diphasie} —— 
48sWo3 IIT upright —_—— inverted! inverted 
18MSi so LIL «upright | upright inverted) inverted 
5IM28 IIT) upright | - — inverted 
19M45 III) diphasie) — inverted] inverted 


19M19 | IL | upright | — inverted) inverted 
III upright — inverted) inverted 
49Wii IIL upright —— inverted) —— 





indicates no electrocardiogram made. 


Evidence of Coronary Disease: No “posi- 
tive’ electrocardiographic evidence for coro- 
nary disease were obtained at 80, 75, or 70 per 
cent arterial saturation. 

( rculatory Changes. Changes in heart rate, 
blood pressure, and pulse quality were noted 
as follows: 


Heart Rate: Increase in the heart rate with 
anoxemia occurred in almost every instance. 
The mean increase of the heart rate for the 
entire group of subjects was 14 beats per minute 
at 80 per cent saturation, 18 beats at 75 per 
cent, and 23 beats at 70 per cent saturation 
(table 1, columns 1-3). This progressive in- 
crease in heart rate with decreasing oxygen 
saturation is also demonstrated by the observa- 
tions made in those subjects who were studied 
at more than one level of anoxemia (columns 
4 and 5). It should be noted that while none of 
those tested had a slower heart rate during 
anoxemia than on room air, there were some 
individual decreases in rate when passing from 
80 to 75 per cent and from 75 to 70 per cent, as 
is shown in figure 2. 

Blood Pressure: The changes in blood pres- 
sure are also shown in table 1. There was an 
increase of 4 mm. in the mean systolic blood 
pressure at 80 and 75 per cent and of 6 mm. at 
70 per cent over that obtained in the same indi- 
viduals on room air (columns 1-3). Although 
these mean changes are small, they are statisti- 
‘ally significant. The mean change in diastolic 
blood pressure at the same three levels, how- 
ever, was slight (less than 1 mm.) and not 
statistically significant. These changes in the 
systolic and diastolic blood pressure resulted in 
a slight increase of the mean pulse pressure 
with anoxemia. 

In contrast to these small changes of the 
mean blood pressure values, the individual re- 
sponses to the same degree of anoxemia were 
often quite different, as is reflected in the ranges 
tabulated in table 1. Anoxemia produced a fall 
in systolic blood pressure in some subjects, and ° 
a rise in others; the diastolic pressures varied 
both concordantly and discordantly with the 
systolic readings. As a result, the pulse pressure 
changes were quite variable. The blood pressure 
changes were very consistent in the same sub- 
ject at three different levels of anoxemia, how- 
ever, regardless of the direction and degree of 
the change (fig. 2). 

Pulse Quality: The quality of the pulse was 
kept under constant observation by palpation 
of the superficial temporal artery. In most 
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per-ons there was an increase in the fullness 
and forcefulness of the pulse with the lowering 
of ‘he arterial oxygen saturation. In a few 
inst :-nees, however, the pulse suddenly became 
wea With progressive anoxemia although there 
was no associated drop in the blood pressure. 
In one test this occurred at 80 per cent, in two 
at 7) per cent. When this happened the test 
was terminated because the change in pulse 
quality Was interpreted as a sign of the indi- 
vidual’s inability to adjust to anoxemia at that 
time 

Relationship of the Heart Rate, Blood Pressure, 
and L’lectrocardiographic Changes to Each Other. 
All the readings of the blood pressure, heart 
rate and electrocardiogram at one level of ar- 
terial saturation, 75 per cent, to which most of 
the subjects were taken, were tabulated and 
the following relationships studied: 

Heart Rate Change and RS-T Depression: 
It has been reported that RS-T depression 
noted during anoxemia may be due to tachy- 
cardia alone, which is also produced by anox- 
emia.’ Our data show that the degree of de- 
pression of the RS-T segment was not related 
to the degree of heart rate increase. 

Heart Rate Change and T-wave Lowering: 
The degree of lowering of the T wave (in Lead 
Il) was found to bear no statistical relationship 
to the degree of heart rate change. This obser- 
vation, therefore, does not support the state- 
ment that tachycardia itself lowers the height 
of the T wave.’ 

Heart Rate Change and Pulse Pressure 
Change: The degree of heart rate change was 
found to bear no definite relationship, either 
direct or inverse, to the pulse pressure change 
at 75 per cent arterial saturation. Some subjects 
showed very little change in either the heart 
rate or the pulse pressure, while others showed 
marked changes in one or the other, or in both. 

Devree of Cardiovascular Change at 75 per 
cent Arterial Saturation versus the Control 
Value (on room air): Larsen® has stated that 
the smount of T-wave lowering with anoxemia 
is pr portionate to the height of the T wave on 
roon. air, Analysis of the degree of lowering of 
the wave at 75 per cent saturation, in general, 
agrood with his statement. The degree of heart 
rati increase at 75 per cent saturation, on the 


other hand, bore no definite relationship to the 
absolute value of the heart rate in the control 
period. Also, the systolic blood pressure in- 
crease at 75 per cent saturation was not found 
to be related in any way to the absolute height 
of the systolic blood pressure on room air. 

Combination of Unusual Responses: The 
tests of all subjects showing a marked response 
in any single feature (e.g., heart rate) were 
examined to determine whether these tests were 
unusual in other ways as well. All tests in which 
any of the following changes occurred were 
tabulated as ‘“‘unusual’’: (1) heart rate increase 
greater than 25 beats per minute (5 subjects), 
(2) blood pressure change greater than 15 mm. 
systolic or 10 mm. diastolic (6 subjects), (3) 
RS-T deviation (Leads I-IV inclusive) 2 mm. 
or more (3 subjects), (4) T-wave inversion (in 
any lead) (7 subjects), (5) P-wave increase 
greater than 0.5 mm. (8 subjects). At 75 per 
cent arterial saturation, a total of twenty-nine 
unusual responses was shown by 22 different 
subjects. No consistent combination of unusual 
responses was noted in those 5 subjects with 
more than one such response. 


Duration of Anoxemia 


In the seventeen tests in which the arterial 
saturation was maintained at only one level 
(80 or 75 per cent) during the test, readings of 
the electrocardiogram and blood pressure were 
approximately the same at the end of ten and 
twenty minutes; no consistent difference could 
be found between the ten- and twenty-minute 
readings. Also, the pulse rate and quality, con- 
stantly observed throughout the test, usually 
showed no systematic change with increase in 
the duration of anoxemia, provided the level of 
arterial saturation was kept constant. 
Symploms 

Only a few of the subjects could distinguish 
between breathing room air and the low oxygen 
gas regardless of the degree of anoxemia. This 
may have been related to the fact that induc- 
tion to each level was gradual. 

In two instances respiratory distress required 
early termination of the test. Both subjects 
manifested labored breathing and hyperventila- 
tion at the beginning of the test while still at a 
saturation of approximately 85 per cent. 
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Seven persons complained of mild frontal 
headache. This seemed definitely related to 
the degree of anoxemia. Five of these subjects 
noted the headache as soon as they reached 75 
per cent arterial saturation and the other two 
on reaching the 70 per cent level. The headache 
was usually relieved by the inhalation of pure 
oxygen at the end of the test. 

One subject, a medical student, who became 
excited and started to hyperventilate as soon 
as the nose clip and mouthpiece were in place, 
complained of “precordial pain radiating down 
the left arm” approximately one minute after 
he began to breathe the low oxygen gas, al- 
though the arterial oxygen saturation was still 
95 per cent. No unusual changes occurred in the 
heart rate, blood pressure, or electrocardio- 
gram. Prompt termination of the test resulted 
in immediate disappearance of the “pain.”’ 


DiIscussION 


The cardiovascular response of 76 normal 
young adults to the stress of anoxemia at 80, 
75, and 70 per cent arterial saturation has 
been presented. These three standardized levels 
of physiologic stress were obtained by means of 
an oximeter-controlled method of inducing an- 
oxemia which has been previously described.! 
The electrocardiogram, heart rate, and blood 
pressure showed increasing changes at succes- 
sively lower levels of arterial saturation. These 
changes were quantitatively progressive, the 
response at 70 per cent saturation differing only 
in degree from that at 75 and 80 per cent. This 
indicates that at these levels of anoxemia, nor- 
mal subjects can still compensate for the in- 
creasing stress by means of an increased physio- 
logic response,'® and are therefore still in the 
“pre-crisis”’ state of anoxemia. The absence of 
any abrupt change in the cardiovascular re- 
sponse as the arterial saturation was lowered to 
70 per cent gives evidence that the ‘‘post-crisis”’ 
state of anoxemia, with impending collapse, 
was not reached in any of the 30 subjects 
sarried to that level. 

In general, the degree of cardiovascular re- 
sponse to induced anoxemia showed a close 
statistical correlation with the level of arterial 
oxygen saturation of the blood. From this it 
follows that any precise evaluation of cardio- 


vascular function during anoxemia should pvef- 
erably be based upon a form of anoxemia test 
in which the level of arterial oxygen saturation, 
rather than the oxygen concentration of the 
inspired gas, should be standardized, since there 
is no fixed relationship between the oxygen 
content of the inspired gas and the oxyven 
saturation of the blood. 

The data on our 76 normal subjects gives in- 


formation of direct clinical value concerning 


the present criteria for a ‘‘positive’’ reaction to 
the anoxemia test for coronary artery dise:se. 
The maximal electrocardiographic changes 
noted in our group of subjects at 80, 75, and 70 
per cent arterial saturation do not overlap the 
criteria for a positive reaction to the test as set 
forth by Patterson, Clark, and Levy.® Using 10 
per cent oxygen to induce anoxemia, these 
authors classify a reaction as positive when any 
one of the following changes is found: (1) The 
arithmetic sum of the RS-T deviations in all 
four leads (I-IVF inclusive) is greater by 3 
mm. or more, than in the control record. (2) 
Partial or complete reversal of the direction of 
the T wave in Lead I, accompanied by an RS-T 
deviation of 1 mm., or more, in this lead. (3) 
Complete reversal of the direction of the T 
wave in Lead IVF, regardless of any associated 
RS-T deviation in this lead. Not only were 
none of these “positive” criteria found in the 
electrocardiographic records of our subjects at 
80, 75, and 70 per cent arterial saturation, but 
between the upper limit of our normal range 
and the lower limit of their ‘‘positive”’ criteria 
there remains a definite small gap, into which 
records with the following characteristics would 
fall: (1) Partial or complete reversal of the 
direction of the T wave in Lead I in the absence 
of any RS-T deviation in this lead. (2). An 
RS-T deviation greater than 1 mm. in any 
lead. 

The significance of such records is still un 
certain; they have not been considered “‘posi 
tive” heretofore, yet they do not fall within 
the normal range in this present series. Until 
observations made on a larger number of no! 
mal subjects have conclusively demonstrate! 
that the changes listed above actually do occu! 
in normal individuals, it seems justified to 1 
gard them as probably abnormal, and therefor 
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, “doubtful positive” reaction to the electro- 
card ographic test for coronary artery disease. 

(),imeter-controlled induced anoxemia should 
not only help to establish fhe electrocardio- 
graphic criteria for a positive reaction to the 
test, but should also help to evaluate the sub- 
ject’ symptomatic response to inhalation of 
the low oxygen gas. When “precordial pain 
radiating down the left arm”’ is associated with 
nearly normal arterial oxygen saturation, as 
occurred in one of our subjects, it seems un- 
likely that the symptoms could be directly 
attributable to anoxemia. Without the oximeter 
reading, however, the reaction to this test 
would have to be considered as ‘‘presumptively 
positive.” 

Finally, the oximeter-controlled method of 
producing standardized degrees of cardiovas- 
cular stress through the use of comparable 
levels of anoxemia provides us with an ex- 
cellent means of studying the individual pat- 
terns of response. The gross differentiation be- 
tween the various types of response to induced 
anoxemia in different subjects could be made 
at relatively high levels of arterial saturation. 
The responses of the same subject at subse- 
quent lower levels of anoxemia were similar 
save for slight gradual intensification in some 
instances, indicating that these cardiovascular 
patterns are highly characteristic of the in- 
dividual. 


SUMMARY 


|. By the use of oximeter-controlled induced 
anoxemia, the cardiovascular response of 76 
normal young adults was studied at levels of 
80,75, and 70 per cent arterial oxygen satura- 
tion. 

2. (here was an increase in the response 
with progressive lowering of the saturation. 

3. The degree of cardiovascular response was 
closely correlated with the level of the arterial 
saturition. 

1. \laximal electrocardiographic changes ob- 
serve in our group were smaller than the 


miniinal criteria established by Patterson, 


Clarl., and Levy for persons with coronary 
arte: disease. 


5. A possible intermediate zone of electro- 


cardiographic changes indicating a ‘‘doubtful 
positive” reaction to the test was delineated. 

6. The importance of knowing the arterial 
oxygen saturation in evaluating “presump- 
tively” positive reactions to the test was 


pointed out. 


7. The type of cardiovascular response of 
the same subject was similar at different levels 
of anoxemia. 

8. The cardiovascular pattern of response 
to anoxemia varied considerably from subject 


to subject. 
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Correlation of the Oxygen Saturation of the Blood and 
Changes in the Electrocardiogram, Blood Pressure, 
and Heart Rate During the Anoxemia Test 


Observations on Normal Persons and Patients with Suspected and 
Manifest Coronary Heart Disease 


By James A. L. Maruers, M.D., AnD Ropert L. Levy, M.D. 


During the performance of a series of anoxemia tests the oxygen saturation of the blood has 
been determined by means of the Millikan oximeter. The levels of hypoxemia induced have 
been correlated with various other factors. The results are considered with particular reference 
to a possible critical range, within which changes in the circulation occur. 


HE ANOXEMIA test for coronary in- 
sufficiency, as proposed by Levy, 
Bruenn, and Russell! in 1939, has been 
subjected to thorough clinical trial by a number 
of observers.? If properly performed on suitable 
subjects it is without hazard and yields results 
which are of value in clinical diagnosis. It has 
also been employed to study indirectly, in man, 
the action of various drugs on the coronary 
circulation.*: 4 The result is determined by the 
effect of anoxia on the form of the electrocardio- 
gram; criteria for a positive reaction have been 
established® and widely used. i 
The range of optimal levels of anoxemia at 
which such electrocardiographic changes occur 
is not known although it has been shown that 
there is wide individual variation with respect 
to the degree of anoxemia obtained while 
breathing 10 per cent oxygen.® This depends, 
in large part, on the rate and, particularly, the 
depth of respiration during inhalation of the 
low oxygen mixture. The present study was 
designed to ascertain whether there is a critical 
level of anoxemia at which significant altera- 
tions in the electrocardiogram are induced. The 
relationship of varying degrees of anoxia to 
changes in heart rate and blood pressure was 
also noted. 


From the Department of Medicine, College of 
Physicians and Surgeons, Columbia University and 
the Presbyterian Hospital, New York, N. Y. 

This work was carried out under a contract 
between the Army Research and Development Board, 
Office of the Surgeon General, and Columbia Uni- 
versity. 
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MatTeERIAL, PaoceDurRE, AND Merdops; 


Observations were made in 97 individuals on 
whom 109 anoxemia tests were performed. The 
oxygen saturation was measured by the Millikan 
oximeter.? The tests were performed according to the 
method described by Levy and his associates. 2-5 
At the end of the period of induced anoxemia 
the subject inhaled 100 per cent. oxygen for two 
minutes; the final electrocardiogram and reading of 
oxygen saturation were made after the patient had 
then breathed room air for seven or eight minutes. 
Oximeter readings and observations of heart rate 
and blood pressure were recorded at one-minute 
intervals throughout each period of study. The 
criteria for a positive reaction were those previously 
outlined.® 

The 97 subjects included 45 with coronary scle- 
rosis, ranging in age from 40 to 73 years; the average 
was 53 years. There were 14 in whom the diagnosis 
of coronary sclerosis was in doubt before and after 
the test; these patients ranged in age from 35 to 58 
years, with an average of 46 years. In 38 individuals 
there was no evidence of cardiovascular disease; 
they are referred to as “normals.”’ The range of age 
in this group was from 29 to 59 years; the average 
was 46 years. 

The results of the oximeter readings and the ob- 
servations on heart rate and blood pressure were 
submitted to statistical analysis.* Those tests which 
were carried to completion were compared with 
twenty-two which were terminated in less than 
twenty minutes because of pain. No essential differ 
ence appeared to exist between the completed and 
the incompleted tests for the duration of the ob 
servation. On this basis all the tests have beer 
pooled for this period. In cases where repeat test: 
were available for the individual, only the first test 
has been included in the analysis. 





* We are indebted to Dr. John W. Fertig and Mis 
Isabel McCaffrey of the Department of Biostatistic- 
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RESULTS 
Tiere were no significant differences in the 
averge oximeter readings in the patients with 
coronary sclerosis, suspected coronary sclerosis, 
and in the normal subjects (table 1), so that 
for presentation all are considered as a single 
srouy (fig. 1). 


TABLE 1.—Average Oximeter Readings for the Various Groups during the Test 


on this curve and the great individual variation 
from the average were similar to those found by 
other workers whose method involved the use 
of an equivalent partial pressure of oxygen.3-!! 

The degree of unsaturation obtained in each 
‘ase in all probability depends on the volume 
of gas inhaled by the individual and is a factor 


| Room Air 


Classification 





| 100 
10 Per Cent Oxygen | Per Cent 
| Oxygen 





| After 5 
minutes | 
| =e 


Coronary Sclerosis. . . eae 
Suspected Coronary Sclerosis. . 
Normals . ; 

All Individuals. .. . 


95 
95 
95 
95 


Start 5 10 AS _20 1 
| minutes minutes minutes minutes minute 


9 | 79 74 72 71 97 
05 | 78 78 75 98 
95 78 74 73 72 98 
95 79 75 73 73 98 





During the control period, while the patient 
was breathing room air through the apparatus, 
the oxygen saturation of the arterial blood re- 
mained fairly constant, averaging 95 per cent, 
with a range from 92 to 98 per cent. The fall 
in saturation when the mixture of 10 per cent 
oxygen and 90 per cent nitrogen was adminis- 
tered Was most marked in the first five minutes, 
the average falling from 95 to 79 per cent. It 
was less marked in the second five minutes 
(from 79 to 75 per cent) and minimal in the 
final ten minutes (from 75 per cent at ten 
minutes to 73 per cent at fifteen and twenty 
minutes). 

While these figures give the curve of the 
averages it is readily apparent from the graph 
(fig. 1) that there was a wide range of individual 
variability after the low oxygen mixture was 
inhaled. When 100 per cent oxygen was ad- 
minisiered at the termination of the period, the 
saturition of the blood rapidly returned to an 
averave figure of 98 per cent in about forty-five 
seconls. In a small number of cases the patient 
Was changed directly from the 10 per cent oxy- 
gen lixture to room air, and in these instances 
the :eturn to normal saturation was slightly 
slower, or there was a rapid return to a satura- 
tion of 86 to 90 per cent, with a subsequent slow 
rise '0 normal saturation. The average points 


of the School of Public Health, Columbia University, 
lor (| neir advice in making the statistical analyses. 
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ROOM AIR [10% OXYGEN + 90% NITROGEN] +t100% OXYGEN 
TIME IN MINUTES 


es PER CENT SATURATION AND TIME AT WHICH 
ELECTROCARDIOGRAM FIRST NOTED TO BE POSITIVE 


Fic. 1.—Curve of average oxygen saturation with 
range of individual variation, in relation to time at 
which electrocardiogram first showed significant 
changes. 


of the depth of respiration more than the rate. 
In those instances in which the patient was 
apprehensive of the procedure, hyperventila- 
tion was more apt to occur and the resultant 
degree of unsaturation was less marked. In this 
series, one individual hyperventilated to such a 
degree in the original test that the arterial 
saturation never fell below 90 per cent. When 
the test was repeated at a later date the patient 
had become accustomed to the procedure and 
more normal respiration prevailed. This re- 
sulted in an average curve of anoxemia which 
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showed 82 per cent at five minutes, 79 per cent 
at ten minutes, and 75 per cent at fifteen 
minutes. In both tests the electrocardiograms 
failed to reveal significant changes although 
the clinical diagnosis of coronary sclerosis had 
been made. 


TABLE 2.- 


ration to a marked degree and with one deep 
inspiration often caused a change in saturation 
of 5 to 10 per cent. The second type was the 
well-conditioned, athletic person who compen- 





sated readily to the low oxygen mixture by a 
very slight increase in the respiratory rate «nd 


Average Heart Rate for the Various Groups during the Test 


Room Air 10 Per cent Oxygen 
Classification 
After 5 cp. 5 10 15 pd 
minutes Start minutes minutes minutes minw'!es 
Coronary Sclerosis 
RRO NINE so yuna wane 80 82 97 102 101 10} 
Negative Test......... es 67 69 78 82 83 &2 
Suspected Coronary Sclerosis . . 74 75 S4 86 86 SS 
ee nce che har a 76 76 89 91 92 | Q| 
NOr- a barely noticeable increase in the depth of 


8 
T 


— 


T 


8 
T 


~ 
o 





HEART RATE -— BEATS/ MINUTE 
© 
°o 
> 





! | ' | ! | 


5 10 15 20 25 30 


TIME IN MINUTES 
—— = CORONARY SCLEROSIS - POSITIVE TEST 
—— = NORMALS 
—— =SUSPECTED CORONARY SCLEROSIS 
seseee = CORONARY SCLEROSIS—NEGATIVE TEST 
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Fic. 2.—Curve of average heart rate during 
anoxia in various clinical groups. 


In the total series, 16 individuals had an 
oxygen saturation curve which remained above 
80 per cent in the original test. In 3 of these 
the reaction was positive within the first ten 
minutes, with the oxygen saturation at the time 
ranging from 83 to 85 per cent. In two types of 
patient a high degree of saturation was ob- 
served. The first was the apprehensive indi- 
vidual who obviously hyperventilated even dur- 
ing the control period and in whom the level 
never fell below 88 to 93 per cent. This type of 
patient increased both depth and rate of respi- 


respiration. The form of the curve of oxygen 
saturation was similar in character to the 
average but was maintained at a higher level, 
the lowest point reached being about 85 per 
cent. 

In 4 individuals a drop in saturation to levels 
ranging from 55 to 60 per cent was obtained; 
of these 2 were normal subjects, one had coro- 
nary sclerosis, and in one the diagnosis of 
coronary sclerosis was suspected. In all 4 the 
respiration was slow and shallow throughout 
the test. The drop in saturation was rapid and 
associated with a definite increase in the heart 
rate of 20 to 40 beats per minute. None of these 
individuals experienced unpleasant symptoms 
or disturbing signs at this low degree of arterial 
oxygen saturation. 

The average response of the heart rate is 
similar in the four groups (table 2 and fig. 2), 
namely, coronary sclerosis with a positive reac- 
tion to the test, coronary sclerosis with a nega- 
tive reaction, suspected coronary sclerosis, and 
normal. Although the curves are similar, the 
average heart rate for the coronary sclerosis 
group with a’ positive reaction stays at a higher 
level throughout the test than for the coro 
nary sclerosis group with a negative reaction 
The curves for the suspected coronary an 
normal groups fall between the first two. The 
heart rate curve obtained is the inverse of tha‘ 
of the oxygen saturation. As the saturation © 
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p th: blood diminishes the heart rate increases; in whom the systolic blood pressure may in- 
mn the rate and degree of increase are related to crease 10 to 15 mm. Hg at the time of the pain. 
le the rate and degree of fall in the arterial oxygen Observations on the degree of anoxemia and 
n- saturation. The average rise for all the cases the changes in the electrocardiogram in the 
a stu/ied as a single group was 12 beats per individuals with coronary sclerosis have been 
id minite in the first five minutes with only a analyzed in an attempt to determine four 
sligi\( additional increase in the last fifteen points: (1) the optimal level of anoxemia which 
minites of the test. If the patient experienced one should attempt to attain in order to de- 
paiti in the chest there was usually an associated crease the number of false negative results; 
increase in the heart rate over that which was (2) the time at which significant changes occur 
TABLE 3.—Average Systolic Blood Pressure for the Various Groups during the Test 
| Room Air | 10 Per Cent Oxygen 
Classification oe — anaes 
as Start 5 minutes | 10 minutes | 15 minutes | 20 minutes 
Coronary Sclerosis 
Positive Test . prec iae ah Sale Retard ite. Nore ots 147 148 152 148 148 143 
of 1a Rirerman aeRO Rect ite ye tse aa erry xe anaes 129 127 130 129 132 129 
- Suspected Coronary Sclerosis.....................5 139 139 143 143 138 140 
) Dee aC SA es es PRL er ete haa tie Poker, fa bs goatee Sed a 130 129 135 137 136 135 
1e = E : eahaamentd 
al, Po st , 
in TaBLeE 4.—Average Diastolic Blood Pressure for the Various Groups during the Test 
Room Air 10 Per Cent Oxygen 
‘ls Classification - Se — _ nana 
d: _ Start 5 minutes 10 minutes 15 minutes | 20 minutes 
‘O- . / 7 saan 
; + Coronary Sclerosis | | | 
a Re 84 | 84 | 89 85 84 | 83 
RPE) WN, 55s cas ssen rors coaseeancvaes | 79 78 et me | z 79 
ut | Suspected Coronary Sclerosis................ 86 8 6]: 68flCU|lC BCT ZT 8B 
ME MOND, y cas Onis Sana tins sw iaeenas visenndes } st | St | 88 | 8 | 81 | 
i | ' 1 
: . at iad aati Tide = 





related to the degree of anoxia. In no instances in the electrocardiogram; (3) the number of 
individuals who are able to complete the 
twenty-minute test; and (4) the value of the 
final ten minutes of the test (table 5). 

As had been expected there was a wide | 
range of saturation (63 to 84 per cent) at which 
the reaction was first noted to be positive, and 
no optimal point of saturation could be defined. 
The positive reactions in which the patient ex- 
perienced pain during the first ten minutes were 
positive at a higher degree of oxygen saturation 
than in complete tests in which a positive result 
was obtained in the final ten minutes. This is 


were any abnormal cardiac rhythms encoun- 
tered. 

The average systolic (table 3) and diastolic 
(table 4) blood pressure curves for the four 
groups are essentially horizontal, showing little 
or no change as the test proceeds. The systolic 
pressure of the coronary sclerosis group with 
positive reaction shows a higher level through- 
out than those with a negative reaction. The 
norma! individuals have about the same level 
as the group with coronary sclerosis with a 
negaiive reaction and those with suspected 


nd 
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Nn. coroliry sclerosis, and are intermediate be- in agreement with the oxygen saturation curve 
Mi | 4 twee the positive and negative groups. Al- presented earlier and is a factor of the time at 
he | 7 thouch there is no change in average blood which the test was discontinued because of 


pres-ire as the test proceeds, there are some 


indi: iduals who experience pain during the test 


pain. It also indicates a greater degree of coro- 
nary insufficiency in those individuals in whom 


nimi acc neine 
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it Was necessary to terminate the test because 
of pain. In the series of 45 patients with coro- 
nary sclerosis, 17 showed a positive reaction 
within the first ten minutes; 6 of these occurred 
in five minutes or less. Of these, 13 experienced 
pain, so that the test had to be discontinued. 
Four patients had a complete test with the 
electrocardiogram showing a positive result in 
the final ten minutes, but without the occur- 
rence of pain. While there were 24 subjects in 
whom the reaction to the test was negative, in 
9 of these pain was experienced, so that the 
test had to be discontinued before the end of 
the standard twenty-minute period. 


TaBLe 5.—Result of Test in Forty-five Patients with 
Coronary Sclerosis 
Result Pationts 
Complete test—negative reaction 15 
Incomplete test—negative reaction 9 
Test discontinued (time in minutes): 5, 
5, 5, 7, 9, 10, 14, 15, 15 
Complete test—positive reaction 
First noted positive (time in minutes): 
10, 10, 10, 10, 15, 20, 20, 20 
Incomplete test—positive reaction 
First noted positive (time in minutes: 2, 
3, 4, 4, 5, 5, 8, 9, 10, 10, 10, 10, 10 
Test discontinued (time in minutes) : 2, 3, 
4, 4, 5, 5, 10, 10, 10, 13, 15 


It is apparent in table 5 that 23 subjects (51 
per cent) were able to complete the twenty- 
minute test. If the test had been terminated at 
ten minutes, 32 of the 45 (or 71 per cent) would 
have been able to complete it. Although only 
51 per cent completed the twenty-minute test, 
the outcome is unknown in only those 9 who 
still showed a negative result when the test was 
discontinued before the end of the twenty min- 
utes. So, for 36 of the 45 subjects (80 per cent) 
the outcome in terms of a complete, or at least a 
positive, reaction was known. At ten minutes 
the comparable figure is somewhat larger, 
namely 89 per cent. Against the advantage of 
running the test for only ten minutes in order 
to reduce the number of tests not completed 
must be balanced the disadvantage of failing 
to detect as positive those in which diagnostic 
changes in the electrocardiogram occur after 


ten minutes. In this series there are 4 such 
individuals. We may speak of the “‘yield’’ of 
the test in picking up positives as 17 out of 15 
or 38 per cent, by ten minutes, and 47 per cent 
by twenty minutes. 

It is thus readily seen that the majority of 
the changes in the electrocardiogram occur 
~arly in the test during the period of most rapid 
fall in oxygen saturation and before compensa- 
tory mechanisms, which level off the curve, 
become operative. Nevertheless, changes lo 
occur in the last half of the test, especially in 
the final five minutes, so that it appears worth 
while to continue the period of anoxemia {or 
the full twenty minutes. In the individuals who 
show a positive result and experience pain, i! is 


usually necessary to terminate the test, because 
of discomfort, in the course of the first ten 
minutes. 


COMMENT 


It was suggested by Houston’ and by Dripps 
and Comroe® that clinical applications of in- 
duced anoxia should be based upon arterial 
oxygen saturation or arterial oxygen tension 
attained rather than upon a specific percentage 
of inspired oxygen. Penneys and Thomas” 
carried out studies at three fixed levels, 85 per 
cent, 80 per cent, and 75 per cent. By using 
this maneuver in performing the anoxemia test, 
it was thought that a sufficient degree of anoxia 
would be assured to decrease the number of 
negative reactions in patients with mild degrees 
of coronary insufficiency. At the same time, 
according to these authors, it would lessen the 
number of so-called false positives which might 
result from higher grades of anoxia and would 
tend to prevent unpleasant reactions in the 
patient. 

We have not been impressed, in the routine 
use of the test, by the frequent occurrence of 
false positives; in fact, a follow-up study of 150) 
patients in whom the test was performed during 
a ten-year period has not revealed any instance 
in which a positive reaction occurred in a pa 
tient subsequently found to be free of coronar) 
heart disease."* By observing the precaution- 
repeatedly outlined dangerous reactions can ! 
entirely avoided and unpleasant symptom 
largely eliminated. 
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‘t seems doubtful whether such a procedure 
would increase the incidence of positive reac- 
tious in patients in whom the degree of coronary 
insiifficiency is relatively slight. In the appre- 
hensive individual it would produce a greater 
sen-e of suffocation and could well result in a 
moie marked degree of hyperventilation. Ade- 
quale control of the saturation at the desired 
level then would be practically impossible; fre- 
quent fine adjustments of the nitrogen flow 
are necessary in any case.’ Varying the oxygen 
content of the inspired gas mixture might prove 
to be of some value in certain well conditioned 
subjects; in the routine use of the test, however, 
few of these are encountered. 

Three of our 16 patients who hyperventilated 
showed an oxygen saturation curve which re- 
mained throughout above 80 per cent. The 
reaction Was negative and was repeated on 
another day. A more normal type of respiratory 
response resulted in an oxygen curve at a lower 
level but the result was again negative. 


SUMMARY AND CONCLUSIONS 


|. In a group of 97 individuals, including 


normal persons and patients with manifest and 
suspected coronary disease, 109 anoxemia tests 
were performed in the standard manner. Oxim- 
eter readings, observations of heart rate and 
blood pressure, and the usual series of electro- 
cardiograms were made. 


2. The level of anoxemia induced varied 
widely in the individual and in different indi- 
viduals. No optimal range of oxygen saturation 
could be defined which caused electrocardio- 
graphic changes characteristic of a positive 
reaction to the test. The determining factor 
appeared to be the degree of impairment in the 
functional capacity of the coronary circulation. 

3. [he heart rate rose in response to anox- 
emia. The curve was the inverse of that for the 
oximeter readings. 

4. The blood pressure failed to show any sig- 
nificint increase or decrease during anoxemia. 

5. Changes in the form of the electrocardio- 
gran’ occurred over a wide range of levels of 
anoxemia. The highest percentage of positive 
results was obtained during the first ten min- 
utes of the test but a significant percentage was 
obs: rved also during the final ten minutes. For 


this reason, unless the patient experiences pain 
or other discomfort, it is desirable to continue 
the period of anoxemia for the full twenty 
minutes. 

6. Lowering the oxygen saturation in the 
apprehensive subject to a level below that 
which the body attempts to maintain may pro- 
duce unpleasant reactions and is unlikely to 
increase significantly the number of positive 
results. 
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Peripheral Circulatory Changes as Criteria for 


Hemorrhagic Shock Therapy 


By B. W. Zwerracu, Pu.D. 


This study of hemorrhagic shock syndrome in dogs evaluates commonly used therapeutic procedures 
on the basis of ability to correct specific vascular decompensatory episodes associated with pro- 
gressive refractoriness to blood transfusion. Using specific criteria (vasomotion, responsiveness to 
vasoconstrictor stimuli, tone of arterioles and venules and capillary blood flow), it was found that 
pressor drugs improved blood pressure only at the expense of peripheral circulation. However, drugs 
such as angiotonin and especially pitressin, when added to the transfusion medium in subpressor con- 
centrations sufficient to produce only a tonic narrowing of the terminal arterioles, brought sustained 
improvement in blood flow through the omental vessels. That the prognosis for successful treatment 
of the circulatory collapse closely parallels the sequential changes which occur in the terminal vascu- 
lar bed, adds further significance to the probable causal relationship between the observed vascular 
derangements and the ultimate collapse of the peripheral circulation. 


XTENSIVE blood transfusion is at pres- 

ent the sole measure of proved value 

for preventing and counteracting the 
development of profound shock following mas- 
sive hemorrhage or trauma.' However, when 
the shock is prolonged the condition becomes 
increasingly refractory to blood replacement 
therapy. Such a syndrome can be produced 
regularly in dogs, where graded hemorrhage 
leads-to a condition in which the animal can no 
longer gain recovery by reinfusion of the blood 
withdrawn—the so-called ‘‘irreversible”’ stage 
of shock. Our microscopic studies of the circu- 
lation in the omentum of dogs has indicated 
that the downward course of the syndrome is 
related to a number of sustaining or perpetuat- 
ing factors, other than fluid loss, which are of 
paramount importance in the development. of 
the “irreversible” condition. A primary defect 
would appear to be the deterioration of specific 
vasomotor reactions concerned with the regu- 
lation of peripheral blood flow.? The establish- 
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ment of these well defined reactions made it 
possible to use them as physiologic indices of 
the course of the syndrome and thereby offered 
a means for comparing the effectiveness of 
various therapeutic measures. Furthermore, the 
nature of the vascular derangement served as a 
guide for selecting agents which might contrib- 
ute to the eventual recovery of the animal. 

In our previous studies on the omental circu- 
lation an essential feature for recovery from 
shock was found to be an adequate improve- 
ment of the peripheral blood flow which was 
accompanied by, and appeared to depend upon, 
a sustained improvement in specific functional 
attributes of the peripheral vessels. It is the 
purpose of this study to compare the effective- 
ness of various therapeutic measures during the 
“irreversible” stage of hemorrhagic shock on 
the basis of theiy ability to correct the observed 
vascular dysfunction. No experiments were 
made to determine the long-range value of the’ 
measures employed, the end result looked for 
being a sustained improvement of the func- 
tional activity of the peripheral blood vessels 
for at least four to six hours, when the animals 
were sacrificed. 

In the present paper two sets of experiments 
are described. The first deals with the relative 
effectiveness of blood and of several blood sub- 
stitutes in restoring the deranged peripheral 
circulation. The restorative action of the fluids 
was found to differ according to the stage of 
the shock syndrome during which they were 
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administered. Emphasis was placed on the 
stage when infusion of whole blood was no 
longer restorative but, on the contrary, accen- 
tuated the developing atony of the peripheral 
blood vessels by unduly dilating them. 

The second set of experiments deals with the 
effects of various pressor and vasotonic agents, 
injected per se or used to fortify the whole 
blood infusion. The agents were selected for 
their possible counteracting effects on the de- 
ranged peripheral circulation at the time when 
fluid infusion alone was inadequate. 

In most of the studies in the literature, the 
stage at which the animals become unrespon- 
sive to replacement of the blood volume defi- 
ciency has been determined only after the blood 
lost has been replaced.’ The problem to be 
solved, however, is not irreversibility per se, 
as defined by the failure to respond to whole 
blood, but an analysis of the factors leading to 
such a condition. This makes the use of other, 
more physiologic, end points justifiable and 
even preferable to the more drastic procedure 
of allowing the animal to go into circulatory 
collapse twice before instituting therapy. When 
the syndrome has taken an unfavorable course 
and vascular and tissue metabolic deterioration 
has been initiated, time becomes a critical fac- 
tor. The more prolonged the syndrome, the 
more likely is cellular damage to occur in organs 
which are sensitive to the effects of a stagnant 
anoxia. Blood replacement alone at this stage 
of the shock syndrome serves to accentuate 
further the developing functional derangement 
of the peripheral vascular system. This could 
be avoided by using as a criterion of the course 
of the syndrome the characteristic vascular 
changes, as observed through the microscope. 

In order to permit a more direct comparison 
of the present experiments with similar work 
in other laboratories, a statistically significant 
number of experiments using the conventional 
blood-replacement end point were also carried 
out. 


MATERIAL AND METHODS 


The present report includes observations on the 
effectiveness of various therapeutic measures follow- 
ing the induction of hemorrhagic shock in 126 dogs 
anesthetized with pentobarbital sodium (30 mg. per 
kilogram of body weight) or morphine sulfate (2 to 


12 mg./Kg.). The dogs were bled according to 
Wiggers’ method of removing blood at intervals, 
in decreasing amounts, until the blood pressure wis 
brought to, and kept for a protracted period tt, 
hypotensive levels. The routine procedure was to 
maintain a moderate hypotension of 60 to 50 min. 
Hg for two to four hours and to follow this by a 
drastic hypotension of 40 to 35 mm. Hg, or below, 
for an additional one to two hours. The blood wiih- 
drawn was citrated (final concentration of 0.2 jer 
cent), chilled, and reinjected via the femoral or 
jugular vein at a designated point in the experiment. 
Microscopie observations of the terminal ramifiva- 
tions of the peripheral vascular system were carried 
out on the exteriorized omentum of the dog accord- 
ing to the procedure previously described. Essen- 
tially this involved maintaining the exposed portion 
of the omentum both warm and moist by irrigation 
with a Ringer gelatin solution kept rigidly at body 
temperature. 

In tissues such as the omentum, possessing alter- 
nating periods of greater and lesser blood supply, 
the capillary bed consists of definitely organized 
units of structure and function. Particular attention 
was paid to the centrally located metarterioles and 
their precapillary branches. The following vascular 
criteria were selected as reflecting the functional 
state of the capillary bed. 

1. Vasomotion. Variations in capillary flow are 
oceasioned by periodic caliber changes, constrictor 
and dilator phases, of the metarterioles and_pre- 
-apillaries. During the constrictor phase only the pre- 
capillaries become completely occluded, and_ the 
circulation is restricted to the preferential channels 
leading from arteriole to venule. During the dilator 
phase the precapillaries are open and the majority 
of the capillaries become flushed with blood. This 
intermittent activity of the metarterioles and pre- 
capillaries has been termed vasomotion. Under normal 
conditions it is an integral part of the homeostatic 
mechanism which ensures a supply of blood commen- 
surate with the needs of the tissue. 

2. Tone of Arterioles and Venules. Normally these 
vessels are maintained in a partially contracted state. 
By loss of tone is meant an undue dilatation of vessel 
lumina. It is also indicated by an excessive disten- 
tion of the vessels following the intravenous admin- 
istration of fluids. 

3. Responsiveness to Epinephrine. Another feature 
of importance in the adjustment of the periphera! 
circulation is the occurrence of variations in the 
responsiveness of its muscular vessels to physiologi 
stimuli, such as epinephrine. This was ascertained by 
determining the minimal amount of epinephrin 
which, on topical application, produced a_ parti: 
narrowing of the arterioles and precapillaries suf 
cient to slow markedly the flow of blood throug 
the capillary vessels. The precise amount of epi- 
ephrine required to bring about a similar vasocol- 
striction was determined at regular intervals. 
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t. Rate of Flow. The rate and extent of the capillary 
ci) ‘ulation, especially that on the venous side, is an 
exellent indication of the efficiency with which 
pe ipheral circulatory adjustments are being made. 

record of the changes observed in the above 
cri‘eria offered a semiquantitative basis for com- 
par ng various therapeutic procedures. It also made 
possible a direct comparison between the physio- 
logic status of different animals. 


RESULTS 


1. The Three Stages of Vascular Reactivity dur- 
ing Shock 


Qn the basis of the vascular responses ob- 
served, our studies® have shown that the post- 
hemorrhagic syndrome consists of three phases. 

A. Hyperreactive, Compensatory Stage: The 
immediate adjustment to the reduced blood 
volume was a widespread constriction of the 
larger arteries and veins. This was followed by 
an augmented activity of the terminal muscu- 
lar vessels, which exhibited an increase in the 
frequency and amplitude of their vasomotion 
and an inereased responsiveness to the con- 
strictor effect of epinephrine. 

B. Transitional Stage: In animals bled suffi- 
ciently to lower the blood pressure to the 40- 
to 50-mm. Hg range and allowed to remain in 
that range for two to three hours, the hyper- 
reactive aspects of the syndrome gradually re- 
gressed and eventually were superseded by a 
state of diminished responsiveness. 

C. Hyporeactive or Decompensatory Stage: 
During the several hours of drastic hypotension 
the responses of the terminal arterioles and pre- 
capillaries became impaired and finally de- 
pressed. The hyporeactivity in the capillary bed 
Was associated with an inadequate return of 
blood from the capillary bed to the venous side 
of the cireulation. 


2. I fractoriness to Infusion Related to Vascular 
Lysfunction 


Many investigators have demonstrated that 
(dog. in hemorrhagic shock become with time 
incr-asingly refractory to fluid therapy. Our 
exp-riments show that the development of this 
unresponsive condition parallels closely the se- 
quence of the vascular changes observed. It was 
found that the condition of the capillary bed at 
th: time of fluid administration served as an 


excellent prognostic guide of the ability of the 
dog to respond. Thus, during the initial, revers- 
ible hyper-reactive stage it was possible to 
restore the normal dynamics of the capillary 
circulation by the infusion of any of the follow- 
ing fluids: physiologic saline (3 dogs), 5 per 
cent bovine albumin (4 dogs), and citrated 
plasma or whole blood (6 dogs). During the 
transitional stage, saline infusions became in- 
effective (3 dogs). During the latter part of the 
transitional and the early part of the hyporeac- 
tive stage bovine albumin also became ineffec- 
tive (3 dogs). Finally, when hyporeactivity had 
persisted for at least sixty to ninety minutes, 
recovery was no longer possible, even with 
whole blood or plasma, irrespective of whether 
large amounts (up to 8 or 9 per cent of body 
weight) were used, or the infusion was pro- 
longed for several hours (18 dogs). 


3. Therapy During the Hyporeactive Stage 

A. Procedure for Evaluating Therapeutic 
Measures: Wiggers® and Frank and his co-work- 
ers® have used as their end point the failure of 
the dog to recover when infused with the blood 
previously withdrawn. This procedure was 
found to aggravate the shock condition and 
made the physiologic state of the animal diffi- 
cult to evaluate at the time that any supple- 
mentary treatment was instituted. The end 
point used by us was the detection of definitive 
circulatory criteria in the omentum by micro- 
scopic observation. The accuracy of this pro- 
cedure was tested by subjecting 18 dogs to 
graded hemorrhage and maintaining them in 
extreme hypoténsion until the omental circu- 
lation exhibited criteria characterizing hypo-: 
reactivity. The dogs were then kept in this 
state for one to two hours at which time they 
were infused with citrated whole blood (0.2 
per cent sodium citrate) equal to the amount 
previously withdrawn. Fifteen of the 18 dogs 
showed a temporary improvement of the pe- 
ripheral circulation which eventually deteri- 
orated, the dogs collapsing about one to two 
and one-half hours after the infusion.* 


* We have in later studies infused over 50 dogs in 
the hyporeactive stage as determined by the omental 
index and found 82 per cent of the animals to be ir- 
reversible to whole blood replacement. 
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B. Vascular Changes following Replacement 
of Blood Withdrawn: The injection during the 
hyporeactive stage of all of the blood previously 
withdrawn usually raised the blood pressure to 
within 10 to 20 mm. Hg of the control level and 
set up an active flow in the capillary bed. These 
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above 80 mm. Hg during this period, there was 
no return of vasomotion, the arterioles and pre- 
‘apillaries remained refractory to epinephrine, 
and atony of the terminal arterioles and venules 
persisted. The continued infusion resulted in sn 
abnormal dilatation of the muscular vessels of 
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TABULATION OF PrRotTocoL oF DoG RECEIVING PITRESSIN THERAPY AFTER UNSUCCESSFUL 


TREATMENT WITH WHOLE Boop. Weight, 6 Kg.; anesthesia, 2 mg. morphine sulfate per kilogram of 
body weight; total blood loss, 41 ce. per kilogram of body weight. Bleeding procedure is indicated in 
text. The chart shows the changes in six criteria of the omental vessels presented in relation to the 
blood pressure. The degree of change is expressed by extent of deviation from the normal base-line. 


Epinephrine reactivity represents the response of the terminal arterioles to the topical application of 
the drug. Vasomotion, augmented, indicates an increase in both rate and duration of the constrictor 
phases; diminished vasomotion indicates an increasing predominance of the dilator phase, until the 
spontaneous caliber changes disappear. Abbreviations are the same as for figure 2. 


reactions, however, were transitory and began 
to wear off shortly after the infusion was stop- 
ped. A typical example of this sequence of 
changes is seen in figure 1, a detailed protocol 
illustrating this group of dogs. In several in- 
stances it was possible by means of repeated 
infusions at necessary intervals to forestall the 
slowing of the circulation for as long as three 
hours. It is of interest to note, however, that 
although the blood pressure was kept elevated 


the bed, further indicating the loss of their 
compensatory adjustment reactions. Within 
forty-five to sixty minutes after the blood had 
been administered, the capillary flow again 
became sluggish, considerable backflow from 
the venules into the capillaries developed, and 
fatal circulatory collapse ensued within sixty 
to one hundred twenty minutes thereafter. 
Only three dogs showed a continued improve 
ment of the omental circulation and ultimatel: 
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recovered. It is significant that the improved 
circulation always preceded the gradual rise 
of the blood pressure out of shock levels. The 
sequence of vascular changes leading to the 
recovery of the omental circulation were as 
follows: 

Irrespective of whether the animals were re- 
versible or irreversible, the omental circulation 
invariably showed an initial speeding up of 
flow, which appeared to be of mechanical ori- 


was between 95 to 100 mm. Hg and the omental 
circulation appeared to be normal except for 
a moderate dilatation of some of the venules 
and small veins. 

C. Restoration of Blood Volume with Several 
Blood Substitutes: Nine dogs were transfused 
during the hyporeactive stage: 3 with 5 per cent 
bovine albumin, 3 with an isotonic mixture of al- 
bumin and concentrated globulins, and 3 with a 
solution of 2 per cent sodium succinate. None of 


[ABLE 1.—Effectiveness of Pitressin in Restoring Deranged Circulation in Irreversible Stage of Hemorrhagic Shock 





| 





. Condition . | 
= eas . Time after — Subsequent Pitressin | 
Pitressin Therapy No. of Initial Infusion Infusion | of Animal Omental Circulation Infusion Remarks 
Dogs Medium (hrs =. F. ( Ke (hotly wt.) 
irs.) (mm. Hg.) per Kg. body wt. 
\. None 18 | Whole blood 2-3 | 30-45 | Slowed, hypo- | None 2survived 
| . 

reactive 

| 

ne = ee ae ee ee ee Rie a eo a | aie | 

B. After unsuccess- | 12 | Whole blood 1.5-3.0) 40-50 | Slowed, stag- | 0.10 p.u. in 2-3 | 8 survivedt 
| 


ful therapy with 
whole blood 


0.5-1.0) 50-60 


nant c.c. saline 





C. After unsuccess- 3 | 5% albumin Failing, hypo- | 0.20 p.u.in5de.c. | 2 survived 
ful therapy reactive whole blood 

with agents 3 | Globulin + 5% | 0.3-0.7| 45-50 | Hyporeactive, | 0.19 p.u. in 5 c.c. | 3 survived 
other than albumin sluggish | whole blood 

blood | 3 | 182.0% sue- | 0.5-0.8 45-55 | Hyporeactive, | 0.20 p.u. in 20 c¢.c. | 1 survived 
cinate so- | | stagnant whole blood 


dium 


D.Combined with 9 | Whole blood + 
whole blood 0.06 p.u. pit- 
(no previous ressin/Kg. 
therapy) 


p.u. = pressor units. 
* Sufficient to restore blood volume to normal. 


0.5-0.8) 85-100 


| | 
| 


Rapid, normal | 0.05 p.u. in 2-3 
reactivity 


8 survived 
c.c. saline only | 

when neces- 

saryt 


+ Blood pressure and peripheral circulation restored to control levels; dogs sacrificed after three to six hours 


n this condition. 


t Some dogs required additional injections of pitressin in order to maintafn active circulation. 


u. However, in reversible cases, this was ac- 
mpanied by the appearance of an improved 
one in the small arterioles and precapillaries 
as evidenced by a narrowing of the vessels and 
\ thickening of the wall. Vasomotion reap- 
pared within twenty to thirty minutes, first in 
te precapillary branches and later in the metar- 
t: loles proper. The reactivity of these vessels 
tv epinephrine returned to normal levels some- 
\Vhat more slowly, requiring about ninety to 
‘ne hundred minutes after the start of the in- 
ision. Two to three hours after blood replace- 
ient had been completed, the blood pressure 
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the dogs showed a sustained recovery either of 
the blood pressure or of the vascular reactivity. 


‘The omental vessels underwent essentially the 


same sequence of changes as described follow- 
ing unsuccessful whole-blood therapy. With 5 
per cent albumin there was a transient improve- 
ment in the capillary circulation, but with no 
reappearance of vasomotion or restoration of 
the epinephrine response to normal levels. The 
addition of varying amounts of a concentrated 
globulin fraction (dog or beef blood) had no 
additional beneficial effect. The infusion of 2 
per cent sodium succinate was least satisfac- 
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tory, since in 2 of the 3 dogs treated, the pe- 
ripheral circulation remained almost stagnant 
throughout. Moreover, the response of the ar- 
terioles and _ precapillaries to epinephrine 
was actually further depressed by succinate 
therapy. 

D. Addition of Vasoconstrictor Agents to In- 
fusion: In view of the demonstrated tendency 
of the muscular vessels distal to the larger 
arteries to lose their original compensatory ca- 
pacity as the state of shock deepened, it was 
postulated that the addition of a vasoconstric- 
tor or vasotonic agent to the infusion mixture 
might be of value. A series of pressor drugs 
were tested, viz., epinephrine, neosynephrin, 
paredrine, ephedrine, and the S-ethyl deriv- 
ative of iso-thio-urea. None of these agents 
proved to be of any sustained therapeutic value 
for the peripheral circulation. 

(a) Epinephrine. When intrave- 
nously into normal control dogs the lowest con- 
centration (0.002 to0.02 mg. per kilogram of body 
weight) produced a visible narrowing of the 


injected 


arterioles and precapillaries, whereas the max- 
imum concentration (0.5 to 2.0 mg./ Kg.) pro- 
duced an intense vasoconstriction and almost 
complete cessation of the capillary circulation. 
Ten dogs in the hyporeactive stage of shock 
were given epinephrine in varying dosages and 
in each of these animals the responses were 
considerably less than those observed in the 
controls with comparable dosages. In 4 of these 
which received intravenously 0.002 to 0.02 mg. 
of epinephrine per kilogram of body weight, 
there was no significant improvement either 
in the blood pressure or in the omental circu- 
lation. In 5 of the dogs, given higher dosages of 
epinephrine (.04 mg. to 2.0 mg./Kg.), there 
occurred a transient vasoconstriction of the 
larger arterioles, accompanied by a rise in the 
blood pressure from a level of 35 to 45 mm. 
Hg to 60 to 70 mm. Hg. This was followed by 
a speeding up of blood flow for a period of five 
to ten minutes. In one dog the same dose of 
epinephrine (0.002 mg./Kg.) was administered 
during the hyperreactive, the transitional, and 
twice during the hyporeactive stage. The vaso- 
constrictor effects of the third and fourth in- 
jections were significantly less than those 
elicited by the first two injections. 
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(b) Neosynephrine and Ephedrine. Injections 
of 0.1 to 6.0 mg. of neosynephrin per kilogram 
of body weight were given to 12 dogs in various 
stages of shock. In the normal dog_ these 
amounts produced a transient pressor effect >f 
10 to 100 mm. Hg respectively. In 2 dogs in 
the hyporeactive stage of shock concentratio:s 
below 0.3 mg. per kilogram of body weig!t 
were without effect. In 8 other dogs in sho 
higher concentrations of the drug produc: 
only a transitory speeding up of circulation 
through the capillary bed with no signifies 
alteration in the tone or reactivity of the 
vessels. 

Neosynephrin was more effective than ep 
nephrine when given after infusion. In 2 dogs, 
which had been transfused with blood and were 
again showing signs of deteriorating, injections 
of 0.5 to 10.0 mg. of neosynephrin per kilogram 
of body weight stopped the fall in blood pres 
sure and maintained it at a level compatible 
with good blood flow for twenty to thirty min- 
utes. The animals eventually became refractory 
to repeated doses of the drug. 

Ephedrine in concentrations of 0.1 to 0.5 
mg./Kg. had no sustained restorative action 
on the omental circulation of 3 dogs in the 
hyporeactive state of shock. 

30.0 
mg./ Kg. i.v.) produces a pressor effect in con- 


(20.0 to 


(ce) Paredrine. Paredrine 
trol dogs with only a moderate vasoconstric- 
tion of the small arteries and veins visible in 
the omentum. Eight dogs in shock received 
from 10.0 to 50.0 mg. of paredrine. Six of the 
animals received the drug before infusion and 
showed only a transitory increase in pressure 
and circulation. Two animals were given 10.0 
mg. after the blood pressure had risen to 75 to 
80 mm. Hg following a blood transfusion. The 
drug raised the blood pressure to 100 to 110 
mm. Hg and considerably speeded the circu- 
lation through the capillary bed. This effect per- 
sisted for about twenty minutes and then wore 
off. As with other pressor agents, repeated in- 
jections in the hyporeactive stage of shock wer 
progressively less effective. 

(d) S-ethyl-iso-thio-urca. Three dogs receive: 
injections of 7.0 to 200.0 mg. of this drug dw 
ing the hyporeactive stage of shock, with n 
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su-{ained improvement of either the omental 
ci! ulation or the blood pressure. 

Addition of Vasotonic Agents: From the 
ab ve experiments it was obvious that all the 
pre-sor drugs which were used, produced their 
ma:imal pressor effect at the expense of the 
peripheral circulation. Peripheral blood flow 
was curtailed as a result of excessive vasocon- 
stri:(ion. Experiments were therefore carried 
out ith what may be termed “‘vasotonic ther- 
apy.” in which the primary consideration was 
the use of drugs in dilutions sufficiently low to 
produce a barely perceptible narrowing of only 
the terminal blood vessels. Such concentrations 
had no constrictor effect on the larger blood 
vessels. Of several agents tested the most prom- 
ising were found to be pitressin and angio- 
tonin. Only six experiments were carried out 
with angiotonin owing to the difficulty of ob- 
taining large amounts of this renal pressor 
agent. A total of forty-eight experiments were 
carried out with pitressin administered by sev- 
eral different procedures. 

(a) Angiotonin.* The intravenous injection 
of 4 cat units of angiotonin (0.2 cc. in 5.0 ec. 
of saline) into 2 dogs during the hyporeactive 
stage of shock produced a transient increase in 
capillary circulation within two to four min- 
utes and a definite narrowing of the arteriolar 
vessels. The blood pressure then gradually rose 
from 30 to 45 mm. Hg to 45 to 50 mm. Hg for 
about twenty minutes. This was less than the 
response obtained in normal dogs prior to bleed- 
ing. It was then decided to attempt to main- 
tain a constant level of angiotonin in the blood 
by a slow intravenous infusion. In three dogs, 
up to 120 cat units of angiotonin were admin- 
istered by a continuous drip infusion in 60 to 
100 cc. of saline over periods of thirty to sixty 
minutes. Throughout the infusion the periph- 
eral circulation improved considerably and in 
one dog vasomotion was temporarily reestab- 
lished. However, fifteen to twenty minutes 
after the infusion was ended, the circulation 
ha again deteriorated to shock levels. One 
doy which had been transfused during the 
hyporeactive stage with all of the blood pre- 
vi usly withdrawn and had again showed signs 

“Prepared by The Lilly Research Laboratories, 
I: Lilly and Company. 


of circulatory failure, was given 20 cat units 
of angiotonin by repeated injections with no 
sustained beneficial effect. 

(b) Pitressin in Subpressor Concentrations. 
Pitressin, in a pressor concentration of more 
than 0.15 p.u./Kg. body weight, was definitely 
contraindicated because it not only exagger- 
ated the constricted state of the larger blood 
vessels but also exerted a deleterious effect on 
the heart. On the other hand, pitressin in con- 
centrations which have no constrictor effect on 
the larger blood vessels and which are just 
below that exerting a constrictor effect on the 
arterioles, that is, in subpressor concentrations, 
produced a striking improvement in the pe- 
ripheral blood flow. In a series of experiments 
based on reactions of the omental vessels in 
the dog, the concentration of pitressin best 
suited for such an improvement was found to 
be about 0.05 to 0.1 pressor units, per kilogram 
of body weight. The most satisfactory results 
were obtained with a mixture of pitressin and 
whole blood administered by a slow intraven- 
ous infusion. 

In the experiments, pitressin was given by 
the following procedures: 

1. Pitressin added to initial fluid infusion. 
Nine dogs were subjected to graded hemorrhage 
until they were judged to be irreversible by 
the hyporeactive condition of their omental 
circulation. The dogs were then infused with 
an intravenous drip of blood containing 0.05 
p.u. pitressin per kilogram of body weight over 
a period lasting about sixty to ninety minutes, 
until the original volume had been restored. 
The typical response to such an infusion is 
shown in a protocol (fig. 2) of one of the dogs 
of this series. The blood pressure rose to about 
100 to 110 mm. Hg and persisted at that level 
after the infusion had been completed. The 
blood flow in the omentum began to improve 
within five to ten minutes after starting the 
infusion. This is considerably earlier than oc- 
curs when blood alone is being infused during 
the irreversible stage. More significant than 
the early recovery of the blood flow were the 
gradual reappearance of vasomotion of the ter- 
minal arterioles and precapillary sphincters, a 
return to normal levels of their epinephrine 











reactivity, and a recovery of the relaxed ar- 
terioles to a partially constricted state. 

In 5 of the subjects, about one hour after 
the infusion, the flow began to slow down, es- 
pecially on the venous side. The blood pressure 
fell to about 80 to 85 mm. Hg. A second in- 
jection of pitressin, 0.2 p.u. in 5.0 cc. saline 
was then administered. This improved the pe- 
ripheral blood flow and the blood pressure grad- 
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Fic. 2.—WHoLE BuLoop PiTrEsstn THEerapy. Pro- 
tocol of dog subjected to graded hemorrhage and 
given pitressin therapy during the ‘“‘irreversible”’ 
stage. Weight, 9 Kg.; anesthesia, 30 mg. pentobar- 
bital per kilogram of body weight; total blood loss, 
32 ec. per kilogram of body weight. During the fifth 
hour, two test infusions of 25 ec. each were given at 
points 1 and 2. Both blood pressure and circulation 
failed to respond indicating pronounced hyporeac- 
tivity. During the sixth hour, the previously with- 
drawn blood was returned by a drip infusion con- 
taining 0.6 pressor units (p.u.) of pitressin. Above 
the blood pressure graph are recorded the recovery 
in sequence of the several vascular reactions in the 
omentum. P.U. = pressor units, pitr. = pitressin, 
and wh. bl. = whole blood. 


ually returned again to the 90 to 100 mm. Hg 
level. In 3 of these dogs it was found necessary 
to give a third and, in one, a fourth injection of 
pitressin. In none of the dogs did the total 
amount administered exceed 0.15 p.u. per kilo- 
gram of body weight, a quantity which was 
still subpressor. 

A summary of these experiments together 
with the remaining pitressin data is given in 
table 1. This table shows that out of the total 
of 9 dogs the circulation of 8 could be restored 
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to control levels. The elevated blood pressure 
and peripheral blood flow persisted at conipar- 
atively normal levels for about four tx six 
hours, at which time the dogs were sacrificed. 

2. Pitressin subsequent to whole bloo:! jp. 
fusion. These experiments were performe:| on 
12 dogs to determine whether pitressin \ ould 
be effective if administered after the dogs had 
not responded to whole blood infusion. F cure 
1 is a protocol of one of these dogs and _ {lus. 
trates the vascular changes in the ome: tum 
and the effect produced by the subsec vent 
pitressin therapy. The infusion of blood «cca- 
sioned a rise of the blood pressure and a par- 
tial recovery of the flow in the capillary bed 
without a comparable reinstatement of its !une- 
tional activity (return of vasomotion and of 
normal epinephrine reactivity). About two 
hours after the infusion had been given, the 
blood pressure had fallen to 75 mm. Hg and 
continued to fall while the omental circulation 
became increasingly hyporeactive. 

At this time, pitressin (0.1 p.u. in 10 to 20 
cc. saline) was injected intravenously. This 
was rapidly followed by a speeding up of the 
‘apillary flow and by a progressive recovery 
of arteriolar activity, viz., a partial narrowing 
of the vessels characteristic of their normal 
tonic state. In several cases (table 2) a second 
and a third injection of pitressin (each 0.2 p.u. 
in 2.0 ec. saline) were given at intervals oi 
about forty minutes. Eight of the dogs showed 
a considerable improvement in omental reac- 
tivity which was maintained for four to six 
hours. The dogs were then sacrificed at which 
time their blood pressure was from 90 to 110 
mm. Hg. Four of the dogs showed only a partial 
recovery of their vascular reactions and suc- 
cumbed about one to three hours later. 

3. Pitressin subsequent to unsuccessful ther- 
apy with agents other than blood. In the course 
of our therapeutic experiments a number of 
dogs, in the hyporeactive stage, were infused 
with several different blood substitutes: 5.0 }cr 
cent albumin, an isotonic mixture of vary’. 
proportions of albumin’ and globulin, anc a 
solution of 2.0 per cent sodium succinate. -\Il 
the dogs remained in the hyporeactive st» ¢, 
whereupon they were given pitressin. The 
sults are recorded in table 2. Of the 9d 4s 
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tre: ted in this way, 6 showed recovery of their 
cire latory reactions until they were sacrificed 
about four to five hours after the initiation of 
therapy. The circulatory changes were essen- 
tialiv the same as those observed in the other 
groups of animals. 
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vessels.’ In these studies no direct causal 
relationship was established between the vas- 
cular phenomena observed through the mi- 
croscope and the course of the shock syn- 
drome. However, the remarkable uniformity 
with which the two sets of events occur through- 


TABLE 2.—Therapy during Irreversible Stage of Hemorrhagic Shock 














B. P. 
ones Therapy Time Effects of Therapy 
_ Blood | (mm. Hg.) a : after 
Anesthesia | Loss Circulation Initial 
Dog (mg. /Kg.) (cc./ as in Omentum nee e The- — — 
, ; it- | rapy 
‘ sina £ Fluid Infusion ressin an a Circulation in R k 
ne (cc./Keg.) (p-u./ Hg) Omentum ia 
g-| 8 Kg.) ” 
A. Whole Blood 
x64 Morphine, 37 | 3.5 | 1.5 | Hyporeactive, Whole blood, 35 None| 1.2 60-75 | Sluggish,stagnant | Hyporeactivity 
12 sluggish persists; died 1.5 
| hrs. later 
B. Pitressin after Unsuccessful Therapy with Whole Blood 
«68 Morphine, 39 3.6 | 2.0 | Hyporeactive, Initial - 2.0 60-70 Sluggish, hypore- | Marked stagnation 
12 stagnant Whole blood, 38 active in venules 

Subseq. 0.19 3.8 96-100 | Good blood flow Capillary bed nor- 

Saline, 8 mal, sacrificed 
0.5 hr. later 

C. Pitressin after Unsuccessful Therapy with Agents other than Blood 
#29 Morphine, 36 | 4.5 | 1.5 | Hyporeactive Initial 
12 stagnant 5% albumin, 36 — 0.8 50-64 Failing hyporeac- | Arterioles dilated 
tive 
Subseq. 
Whole blood, 8 0.20 | 3.5 80-100 | Markedly Sacrificed 0.5 hr. 
improved later 
#51 Pentobarb. 3.0 3.0 1.1  Hyporeactive Initial 
30 sluggish Globulin-albu- 1.0 44-50 Poor, failing Responsiveness 
min, 35 subnormal 

Subseq. 

Saline, 10 0.04 2.5 64-75 Slowed Venular flow still 
poor 

Whole blood, 6 0.08 4.8 100-115 | Good Reactivity normal, 
sacrificed 1.0 hr. 
later 

#50 Ventobarb. | 31 3.0 1.3 Hyporeactive, Initial 
5 stagnant 1.8 Na succinate _— 1.0 56-65 | Very poor, stag- | Almost no flow in 
nant vessels 

Subseq. * 

Whole blood, 18 0.15 | 4.0 100-120 | Normal, rapid Arterioles narrow; 
sacrificed 0.5 hr., 
later 

D. P sin-Whole Blood (no previous therapy) 
#92 lorphine, 39 4.0 | 2.5 | Hyporeactive, Whole blood, 39 0.10 4.1 110-125 Restored, excel- | Sacrificed 24 hrs. 
12 sluggish lent later 


DIscussION 

The establishment of clearly defined fune- 
tions! changes in the minute blood vessels of 
the omentum during shock made possible a 
ne approach to the development of therapy 
for this syndrome. Our previous investigations 
on hemorrhagic and tourniquet shock called 
a’ ention to the nature of the breakdown of 
te functional activity of the visceral blood 


out the progression of shock, makes it prob- 
able that the observed vascular dysfunction 
is a critical defect contributing to the circula- 
tory insufficiency. In other studies from this 
laboratory evidence of another character has 
been obtained which indicates a causal rela- 
tionship between these vascular episodes and 
the metabolism of specific hepatorenal factors. 

With regard to the causal relationship of the 
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disturbance in the peripheral blood vessels and 
the blood pressure after therapy, the following 
observations are pertinent. It was possible tem- 
porarily to raise the blood pressure by the in- 
fusion of large amounts of fluid or by the 
injection of vasodepressor drugs without in- 
fluencing the unfavorable outcome of the shock. 
In these dogs an accelerated blood flow de- 
veloped only subsequent to the increased blood 
pressure. In those animals in which therapy 
was successful, an improvement in peripheral 
blood flow of considerable magnitude occurred 
at a time when changes in blood pressure were 
still minimal. Later, as an adequate peripheral 
blood flow was re-established, the blood pres- 
sure began to show a steady rise. Conversely, 
with the progression of shock, a deterioration 
of the peripheral circulation usually preceded 
the subsequent drop in the blood pressure and 
the circulatory collapse during the latter stages 
of the syndrome. 

The necessity for overcoming the decompen- 
satory vascular changes, which develop during 
the “‘irreversible”’ stage, is clearly indicated by 
the close correlation between the course of the 
syndrome following therapeutic measures and 
the degree of functional repair in the peripheral 
vascular system. In all animals in which the 
response to therapy was unfavorable and pe- 
ripheral circulatory collapse ensued, no im- 
provement in the omental circulation occurred, 
except for a transitory speeding of flow. This 
is in striking contrast to the course following 
favorable therapy during which a progressive 
restoration of the functional responses of the 
vessels accompanied the gradual improvement 
in blood flow and resulted in a return to normal 
of the integrated activity of the capillary bed. 

The use of the exteriorized omentum for 
microscopic study placed several limitations on 
the experimental procedure. The subsequent 
effects of therapy could be followed only for 
four to six hours. Therafter, prolonged expo- 
sure of the omentum added the possibility of 
nonspecific vascular deterioration. Further- 
more, the animals, when brought out of shock, 
became restless and required repeated anes- 
thesia, a procedure which complicated the post- 
therapeutic course. The experiments were 
therefore terminated at this time without test- 


ing the long-term value of any of the thera- 
peutic procedures. Although the therapeutic 
implications of such experiments are limited, 
the studies clearly indicate that successful 
therapy must restore the circulatory efficiency 
of the peripheral vascular system. Anesthetized 
dogs, transfused with blood alone during {he 
irreversible stage of hemorrhagic shock, iny:r- 
iably again went into fatal circulatory collay se 
within four to six hours. In contrast, anim:ils 
treated with pitressin in vasotonic but subpres- 
sor concentrations showed at the end of four 
to six hours a markedly improved peripheral 
circulation with a restoration of many of ihe 
features of normal functional activity. These 
experiments would, therefore, seem to bear di- 
rectly on the ultimate direction towards which 
treatment of “irreversibility”? should be di- 
rected. 

The administration of fluid sufficient to re- 
place the deficient blood volume was of value 
arly in shock before the mechanisms for 
peripheral vascular adjustment had deterio- 
rated. Such nonspecific measures became less 
effective as the shock deepened. The fact that 
blood plasma was effective for a longer period 
than saline, albumin, or gelatin indicates that 
plasma exerts a physiologic effect beyond that 
imparted by its bulk and colloidal osmotic 
properties. Over the short range of our exper- 
iments, no immediate superiority could be de- 
tected between plasma as opposed to whole 
blood. There is, however, ample evidence in 
the literature that the anemia which frequently 
follows hemorrhagic shock is greatly benefited 
by whole blood therapy.’ 

Mechanical restoration of the peripheral cir- 
culation is not sufficient, by itself, to correct 
the metabolic disturbances which during shock 
are inflicted by prolonged periods of inadequat: 
circulation on organs such as the liver, kidney 
heart, and brain. Recent work by Shorr, 
Zweifach, and Furchgott'!® has demonstrate! 
that the vascular decompensation in the omen 
tum is not solely the result of local impairmen' 
of blood flow but in large part can be referre:! 
to blood-borne vasodepressor principles (VDM 
which originate in the liver and skeletal muscle 
The therapeutic problem is therefore twofol:. 
First, the correction of vascular dysfunctic 
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resuiting from the local accumulation of non- 
specific metabolites and from specific vaso- 
depressors (VDM) arising in organs such as 
liver and skeletal muscle; second, the correction 
of the metabolic defects in these organs as a 
resuii of which VDM continues to be elab- 
oratel and maintained at high levels in the 
bloou. 

None of the pressor agents employed (epi- 
neph: ine, neosynephrin, ephedrine, or paredrine) 
were of value in counteracting the atony of the 
peripheral vessels. The progressive decrease in 
the responsiveness of hypotensive animals to 
pressor agents has been discussed by Frank and 
co-workers."! Our data indicated that the 
impaired responsiveness is referable, at least 
in part, to the hyporeactive state of the mus- 
cular components of the capillary bed. What- 
ever pressor action these agents displayed 
during the terminal stages of shock, was the 
result of vasoconstriction of the larger blood 
vessels, the direct effect of which was a further 
curtailment of the circulation in the tissues 
proper. Additional evidence for the contrain- 
dieation of pressor drug therapy during the 
hyporeactive stage was the stasis which de- 
veloped in the larger veins during the period of 
elevated blood pressure induced by these drugs. 
It is of interest to note that, following trans- 
fusion, the refractoriness to pressor agents wore 
off in those cases which were reversible, whereas 
the pressor response remained depressed in 
animals which proved to be irreversible and 
eventually died. 

Angiotonin gave some evidence of being a 
promising therapeutic agent. Because of the 
relatively few experiments done, we have in- 
sufficient data for this renal pressor substance. 
Page’ has reported that dogs subjected to 
hemorrhage were refractory to small doses of 
angiotonin (0.2 ¢¢., or approximately 6 cat 
units'. In our experiments, although the vas- 
cular response to angiotonin became less pro- 
nounced during the hyporeactive stage of 
shock, the administration of larger amounts 
(up to 120 eat units) by slow intravenous 
infusion produced a striking improvement. of 
blood flow, despite the fact that the blood 
pressure rose only 30 to 40 mm. Hg above 
shock levels. Unfortunately, the effects were 


only temporary and wore off each time that 
the infusion was stepped. 

Pitressin added in subpressor concentrations 
to the blood infusion brought about a signifi- 
cant extension of the period of effectiveness 
of whole blood therapy. The indications from 
the omental vascular criteria are that pitressin, 
administered subsequent to unsuccessful whole 
blood infusion, is not as effective as when the 
pitressin is administered together with the 
whole blood. Although these small amounts 
have no obvious direct pressor action, they 
are within the range (.02 p.u./Kg.) which pro- 
duces a profound effect in unbled dogs." Frank, 
Seligman, and Fine* were unable to obtain 
significant therapeutic results with pitressin 
when administered to dogs already found to 
be irreversible to whole blood or to the admin- 
istration of succinate or of bicarbonate therapy. 
They found no increase in the number of 
animals which could be recovered by pitressin 
used subsequent to these experiments. The 
question remains whether the method used by 
them (that of testing pitressin only after the 
dog had failed to respond to whole blood) is 
appropriate for an evaluation of shock therapy. 
This drastic procedure involved subjecting the 
dog to deep shock twice in succession, first after 
the bleeding procedure and, second, after the 
temporary effects of the unsuccessful trans- 
fusion. When such procedures were used in our 
studies, considerable stasis was observed in the 
collecting venules and capillaries following the 
failure of the transfusion. As a result, large 
areas of the capillary bed remained in stasis 
and inactive thoughout the subsequent period 
of therapy. , 

Our results with pitressin indicate the desir- 
ability of effecting a sustained improvement 
in the peripheral circulation through a vaso- 
tonic action on the terminal arterioles and 
precapillaries. Although pitressin has other 
pharmacologic effects which may militate 
against it being the agent of choice in irrevers- 
ible shock therapy, it unquestionably prolonged 
the survival, for at least three to four hours, of 
dogs which otherwise would have died. What 
appears to be most significant about these 
experiments is the demonstration that func- 
tional repair of the peripheral vascular bed is 
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a necessary prerequisite for recovery from 
shock. It was our hope that through the use 
of vasotonic agents such as pitressin, we could 
maintain the adequate circulation for suffi- 
ciently long periods to allow the animal to 
repair these metabolic lesions. Our obser- 
vations, being confined to a three- to six-hour 
period after the institution of pitressin, did not 
permit any long-term evaluation of this thesis. 
It is possible that the inadequacy of pitressin 
therapy in certain of our shocked animals may 
be ascribed to the continued elaboration of 
VDM. This would indicate that the metabolic 
derangements in the tissues are not reversed 
by the comparatively short periods of improved 
circulation in these experiments. Frank and 
co-workers" by in vivo perfusion experiments 
obtained evidence that perfusion of the liver 
of shocked dogs with arterial blood from a 
normal donor dog for three to four hours (range 
from three to eight hours) is often sufficient to 
counteract the development of irreversibility. 
The recent isolation of VDM and its identi- 
fication as ferritin by Mazur and Shorr’ opens 
up the possibility of developing measures for 
counteracting this specific principle and isolat- 
ing the enzyme systems responsible for its in- 
activation. 


CONCLUSION 


Our experiments call attention to the prime 
necessity of restoring the normal functional be- 
havior of the capillary circulation of animals 
in hemorrhagic shock and indicate the value 
in such conditions of vasotonic agents such as 
pitressin which appear to accelerate the 
recovery of the vascular bed. 
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Studies of the Renal Circulation 


By Joseru R. Kaun, M.D., Leonarp T. Skeees, Px.D., AnD Norman P. SHumway, M.D. 


This work represents an attempt to confirm reported observations of a juxtamedullary by-pass in 
the kidneys of animals subjected to various physiologic procedures and to shock. Rabbits injected 
with epinephrine, pitressin, renin and hypertensin, made hypotensive by bleeding and inhalation of 
amyl nitrite, and after stimulation of one sciatic nerve, were injected with india ink. The kidneys 
were removed and studied for the paths of blood flow. No evidence of a by-pass mechanism through 


the juxtamedullary glomeruli was found. 


RUETA and his co-workers! have pre- 
sented a new concept of the renal 
circulation. They believe that in certain 

physiologic and pathologic conditions the cireu- 
lation of the blood through the renal cortex can 
be either diminished or totally arrested, while the 
circulation through the juxtamedullary glo- 
meruli and medulla continues. The diversion 
of the blood from the cortex to the medulla is 
said to occur when there exist one or more of 
the following conditions: (1) constriction of the 
peripheral portions of the interlobular arteries; 
(2) dilatation of the vessels associated with the 
juxtamedullary glomeruli; (3) degeneration of 
the juxtamedullary glomeruli with the forma- 
tion of arteriae rectae verae which are similar to 
“Ludwig’s arteries’ in the remainder of the 
cortex; (4) obstruction of the glomeruli in the 
peripheral zones of the renal cortex. 

The medullary circulation they term ‘the 
lesser circulation’ or ‘medullary by-pass,” 
which consists of: (1) the most proximal por- 
tions of the interlobular arteries; (2) the first 
branches of the interlobular arteries, which are 
the afferent arterioles of the deep, or juxtame- 
dullary, glomeruli; (3) the juxtamedullary 
glomeruli; (4) the efferent arterioles of the 
juxtamedullary glomeruli, which lie partly in 
the corticomedullary zone and partly in the 
subcortical zone of the medulla; (5) the arteriae 
rectae, and, probably to a lesser extent, the 


From the Department of Medicine and Surgery, 
Cri Veterans Administration Hospital, and the 
Sclool of Medicine, Western Reserve University, 
Cleveland, Ohio. 

Published with permission of the Chief Medical 
I reetor, Department of Mediciné and Surgery, 

terans Administration, who assumes no responsi- 


ee. es ee . 
lity for the opinions expressed or conclusions drawn 
'y the authors. 


intertubular capillary network, which form part 
of the vasa recta system; (6) the venous com- 
ponents of the vasa recta which empty into 
(7) the proximal ends of the interlobular veins 
and the arcuate veins. 

Trueta and collaborators state that in ani- 
mals, under certain experimental conditions, 
they have demonstrated the existence of a ‘“‘me- 
dullary by-pass” which is similar to physiologic 
and pathologie states occurring in man. They 
studied the course that the blood took in its 
passage through the kidneys by means of the 
injection of radio-opaque materials, various 
suspensions of dyes, ink, and colloidal sub- 
stances. These were injected into the arterial 
and venous systems of the animals. Arterio- 
grams of the kidneys were taken during life, 
radiographs of excised kidneys were made, and 
a method of taking microradiograms was de- 
vised. 

During their experimental procedures many 
of the kidneys were exposed and their superfi- 
cial surfaces and renal veins observed to deter- 
mine the presence of the injected material. 
Blanching or paling of the surfaces of the kid- 
neys occurred in the animals in many of their 
experiments, and, as a frequent accompani- 
ment of this phenomenon, a pulsating arterial 
stream of blood was found in the renal vein, as 
was also a stream of the injected material. The 
blanching of the renal cortex, together with the 
observation of a pulsating arterial stream of 
blood in the renal veins, was interpreted by 
Trueta and his associates as a ‘‘by-pass’’ of 
the renal cortex by the blood and injected ma- 
terial. The renal pedicles were ligated; the 
kidneys were removed from the animals, sec- 
tioned, and examined to determine the route 
that the blood or injected mass traversed in its 
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passage through the kidneys. Frozen sections 
of the kidneys of varying thickness, both 
stained and unstained, as well as paraffin sec- 
tions of the usual thicknesses were prepared. 
These sections were examined by means of the 
binocular dissecting microscope and single-ob- 
jective microscope to determine the location of 
the blood or injected material in the kidneys. 
According to Trueta and his co-workers, the 
blood and injected materials were found occu- 
pying the vascular channels composing ‘the 
lesser circulation” of the kidneys when there 
existed, prior to the death of the animal, 
blanching of the renal cortex and a pulsating 
arterial stream of blood in the renal veins. 

Trueta and his associates state that in the 
following experiments the circulation through 
the cortex of the kidneys was either diminished 
or totally arrested, while the circulation 
through the juxtamedullary glomeruli and me- 
dulla continued: (1) stimulation of the central 
end of the divided sciatic nerve; (2) after severe 
rapid hemorrhage; (3) after injections of ad- 
renalin, pituitrin, and pitressin; (4) during in- 
halation of amyl nitrite. 

They attributed the diversion of blood from 
the cortex to the medulla, in the first three 
series of experiments, to constriction of the 
peripheral portions of the interlobular arteries, 
while in the fourth experiment the diversion of 
blood was due to dilatation of the vessels asso- 
ciated with the juxtamedullary glomeruli. By 
these and similar experiments Trueta and his 
co-workers believe they have shown that large 
numbers of glomeruli can be excluded from the 
circulating blood. The phenomenon of glomeru- 
lar intermittence in the mammalian kidney may 
be on a vastly greater scale, according to these 
investigators, than in the amphibian, as re- 
ported by Richards. It is clear that the change 
in the course of the renal circulation outlined by 
Trueta and associates could be of great impor- 
tance in the interpretation of normal renal 
physiology as well as of pathologic states due 
to diseases of the kidney, or of changes in other 
portions of the body, with secondary effects on 
the renal vascular pattern. 

Because of the importance of the conclusions 
drawn by these authors, and our own interest 
in hypertension and renal circulation, we re- 


peated some of their experiments. In addition, 
we used injections of renin and hypertensin, 
for the production of brief experimental rises in 
blood pressure, to determine whether these 
substances produce any changes in the pattern 
of blood flow through the kidneys during the 
periods in which the blood pressure is elevated. 
Thus, some of the physiologic conditions whic) 
are said to determine the by-pass of renal cor- 
tex were put to the test by means of these an:.- 
tomic studies. 


EXPERIMENTS 


Method.—Rabbits were used in all of our ex- 
periments during which they were anesthetized 
with intravenous Nembutal and given 1,000 
units of heparin. One of the carotid arteries was 
‘cannulated and the blood pressure recorded on 
a moving drum. The contrast medium used for 
studying the vascular pattern of the kidneys 
was Higgins india ink, reeommended by Trueta 
and colleagues. Fifty to 80 ml. of ink were in- 
jected under pressures averaging about 10 mm. 
Hg higher than the arterial pressure at the time 
of the injection into the distal portion of the 
abdominal aorta (below the renal arteries) 
through a cannula pointing towards the heart. 
The renal pedicles were ligated immediately 
after the injection was completed. The kidneys 
were then removed and placed in 10 per cent 
formalin. After two hours in formalin, the kid- 
neys were sectioned and fixation was allowed to 
continue for twenty-four to forty-eight hours 
longer. Numerous specimens were taken from 
all portions of the kidneys. Blocks were em- 
bedded in paraffin, sectioned, and stained in 
the usual manner. Frozen sections of larger 
blocks of the kidneys were made and examined. 
We found that in our hands frozen sections of 
100 to 200 micra were the most satisfactory 
These sections were then run through the alco 
hols, cleared in xylol, and mounted in Clearite. 
Slides prepared in this manner could be ex 
amined either with the dissecting binocula 


microscope or the single-objective microscop 
with direct or transmitted light. 


Experiment 1. Normal Controls —Twelve control 
animals were used. Ink was injected into the distal 
end of the abdominal aorta. The renal pedicles were 
ligated immediately and the kidneys removed. 
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?esult: In the 12 control animals all the glomeruli 
an the other structures of the cortex were well 
fill 1, but not intensely, with ink, while in the 
meculla only a few of the vasa recta contained ink 
(fig 1). 

L cperiment 2. The Effect of Epinephrine.—Twelve 
aninals were injected with epinephrine, 0.15 mg. 
per kilogram of body weight. Members of one group 
received only one injection, and, at the height of the 
rise of blood pressure, ink was injected and the ani- 
mals were sacrificed. The animals of the other group 
received either repeated injections or a continuous 
intravenous infusion of epinephrine. India ink was 
injected, and some of the animals were sacrificed 
during the following stages: (1) while the blood pres- 
sure Was rising, (2) while the blood pressure was 
being maintained at a moderately high level, and 


(3) during the period in which the blood pressure 
was falling. 


Fic. 1.—The usual appearance of the renal cir- 
culation of a normal anesthetized rabbit injected 
during life with india ink (x4). 


Result: In the majority of the animals which re- 
ceived epinephrine, circulation through the kidneys 
apparently ceased during the period in which the 
blood pressure was elevated. At the height of eleva- 
tion of blood pressure, ink was present in the larger 
branches of the main renal arteries, but none was 
found either in the cortex or the medulla. In the 
animals in which some blood continued to circulate 
through the kidneys, or the circulation had been 
re-est:iblished, the ink was found to be distributed 
in the same fashion as in the normal control series. 
Thus, there was no indication of a “medullary by- 
pass’ at any stage after the injection, nor was there 
any evidence that a larger proportion of blood was 
passing through the medulla than in the normal 
aninials, 

Ecperiment 3. The Effect of Pitressin—Twelve 
aninals were given injections of pitressin, 0.75 to 2 
unts per kilogram of body weight. They were in- 
jeted with ink and sacrificed during the following 
periods: (1) while the blood pressure was still rising, 


(2) at the height of the rise of the blood pressure, 
and (3) during the period in which the pressure was 
falling. 

Result: The animals which had received injections 
of pitressin differed from the controls and the other 
experimental groups of animals (except those that 
received injections of renin or hypertensin) in that 
the cortex, medulla, and juxtamedullary glomeruli 
and their efferent arterioles were well filled with ink. 
The vasa recta in the medulla were distinct and 
their arterial, venous, and capillary components were 
also well filled with ink (fig. 2). 

Experiment 4. The Effect of Amyl Nitrite Under 
Ordinary Conditions.—Ten animals were given amyl 
nitrite by inhalation, and the kidneys injected with 
ink at the following stages: (1) while the blood pres- 
sure was falling, (2) at the time that the blood 
pressure had reached its maximum drop, and (3) 
when the blood pressure began to rise, after the ad- 
ministration of the drug had been stopped. 

Result: The kidneys from the group of animals 
which received inhalations of amyl nitrite differed 
from the kidneys of the other animals in two re- 
spects: (1) The entire vascular bed of the cortex, 
including the glomeruli, was greatly dilated and 
filled with a large amount of ink. (2) The large and 
abundant venous channels in the subcortical zone 
of the medulla were also strikingly filled with ink. 
The entire cortex and the subcortical medullary 
zone contained more injected material than did the 
corresponding areas in any of the other groups. The 
rasa recta were empty (fig. 3). 

Experiment 5. The Effect of Amyl Nitrite Under 
Special Conditions.—To eliminate any change in the 
vascular pattern of the kidneys due to a rise in 
venous pressure, 4 more rabbits were given amyl 
nitrite by inhalation. When the blood pressure had 
dropped significantly, following the administration 
of the drug, the renal vein of one kidney (the left) 
was clamped near the vena cava and cut between the 
kidney and the clamp while the right renal vein was 
tied off immediately after the injection of the ink. 
The injection of the india ink was begun simultane- 
ously with the section of the renal vein. Although the’ 
renal vein was cut across, there was but little bleed- 
ing from it, and but little ink came through in this 
blood. 

Result: Although the venous pressure rose in the 
vena cava during the inhalation of the drug, there 
was no rise in venous pressure in the left kidney be- 
cause of section of the renal vein. No indication of 
a “medullary by-pass” was demonstrated in either 
kidney of any of these 4 animals. In the sections 
taken from the left kidneys, there were ink-free areas 
in the cortex, and areas in which the glomeruli and 
intertubular capillary network were moderately well 
filled. It was found that the uninjected areas of the 
cortex were supplied by the interlobular arteries 
arising from the distal portions of the ‘arcuate 
arteries,” while the ink-filled cortical areas were 
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supplied by the interlobular arteries arising from the 
proximal portions of these vessels (fig. 4). 
Experiment 6. The Effect of Low Blood Pressure 
Due to Bleeding —Ten animals were bled from the 
carotid artery. The blood was allowed to flow from 
a T tube inserted into the tubing which connected 





Fic. 2.—Appearance of the cortex and medulla in a rabbit injected with ink at the time of maxi 
mum rise of blood pressure following an injection of pitressin (X5). 





Fic. 3.—Appearance of cortex and medulla at the 
time of the greatest fall of blood pressure following 
the inhalation of amyl nitrite and injection of ink 
(X4). 


the cannula in the carotid artery with the mercury 
manometer. The amount of blood removed from the 
animals varied from 50 to 75 ec. The animals were 
injected with ink when their blood pressures had 
dropped significantly. 

Result: In all 10 animals the ink was normally 
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distributed throughout the cortex and medulla, but 
there was a marked decrease in the amount of in- 
jected ink. There was no indication of a medullary 
by-pass (fig. 5). 

Experiment 7. The Effect of Stimulation of the 
Central End of the Severed Sciatic Nerve-—In 11 «ni- 


mals the central end of the severed sciatic nerve was 
stimulated by faradization for periods varying from 
one and one-half to five minutes, during which time 
they were injected with ink and sacrificed. 

Result: Eight of the 11 rabbits, in which the cen- 
tral ends of the cut sciatic nerves were stimulated 
by faradic current, had a normal distribution of ink 
in the cortex and medulla of the kidneys. 

In the 3 remaining animals the peripheral portions 
of the renal cortex were not filled with ink. Many of 
the glomeruli in the deep zone of the cortex, and 
many of the juxtamedullary glomeruli were well 
filled, as were their efferent arterioles and the capil- 
lary beds of their corresponding medullary rays. The 
ink in the medulla was present in radially arranged 
vessels constituting the arteriae rectae of the cor- 
responding ink-filled juxtamedullary glomeruli, the 
venae rectae, and, to a lesser extent, the intertubular 
capillary network comprising the remaining vascul:r 
bed of the vasa recta system. Ink-free areas in the 
deep zone of the cortex alternated with ink-fille 
areas. In many places the medulla beneath the wi 
filled cortex was also free of ink. In these 3 animal! 
there was marked vasoconstriction of the main ren: 
arteries and their branches, including their arcua‘ 
portions, with a consequent reduction in the size © 
the renal vascular bed (fig. 6). 

The marked contraction of these vessels was be*t 
seen in paraffin sections stained with hematoxyln 
and eosin, or with a combination of Weigert’s and 
van Gieson’s stain. In such sections the lumen is 
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» eatly constricted, the internal elastic membrane 
i. wrinkled, and the media is thickened, due to the 
contraction of the smooth muscle. The lumen of the 
in erlobular arteries, on the other hand, is dilated, 
their walls are thin, the internal elastic lamina is not 


and the animals were sacrificed during the following 
periods: (1) while the blood pressure was still rising, 
(2) at the height of the rise of the blood pressure, and 
(3) during the period in which the pressure was 
falling. 





Fic. 4.—The patchy appearance of the cortex and medulla during the inhalation of amyl nitrite fol- 
lowing simultaneous injection of ink and section of the renal vein (7). 





Fig. 5.—Appearance of the cortex and medulla in a rabbit injected with ink at the time of the 
maximum fall in the blood pressure due to acute hemorrhage (X12). 


wr kled, and the smooth muscle of the media is not 
coutracted. 

‘xperiment 8. Effect of Renin—Twelve rabbits 
re eived varying amounts of renin by intravenous 
injection. Renin and hypertensin were prepared by 
the method of Katz and Goldblatt.2 Ink was injected 


Result: No “medullary by-pass” was recognized 
in any animal. All of the cortical glomeruli were well 
filled, as was the cortical intertubular capillary net- 
work. The juxtamedullary glomeruli were prominent, 
as were also their large efferent arterioles. All of the 
components forming the vasa recta system in the 
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medulla were well filled. The vessels in the outer zone 
of the medulla (Peters*) contained more injected 
material than did the corresponding areas in any of 
the animals subjected to the other experiments. 
When the blood pressure was elevated as a result of 


Experiment 9. Effect of Hypertensin.—Twelve rab- 
bits received varying amounts of hypertensin by 
intravenous injection. They were injected with ink 
and sacrificed during the following periods: (1) 
while the blood pressure was still rising, (2) at the 





Fic. 6.—Sagital section of the kidney of a rabbit injected with ink during stimulation of the 


central end of severed sciatic nerve (X3). 





Fic. 7.—Appearance of the cortex and medulla after ink injection at the time of the maximum 
rise of blood pressure following the administration of renin. Note the marked filling of the vasa recta 
systems in the medulla and the prominent juxtamedullary glomeruli (x6). 


the administration of renin, the injected material 
passing into the arterial system of the kidneys was 
found to be distributed more widely throughout the 
renal vascular bed than in the control or other exper- 
iments (fig. 7). 


height of the rise of the blood pressure, and (3) 
during the period in which the pressure was falling. 

Result: In none of these animals was any ana- 
tomic indication of a ‘medullary by-pass” found. 
All of the cortical glomeruli were well filled with ink. 





wetter. 
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Tie cortical intertubular capillary network was only 
moderately well filled with ink. The juxtamedullary 
gi meruli were prominent and large and their efferent 
erioles were also well filled. The animals that re- 
ce. ved hypertensin differed from all the other groups 
in that the ink in the glomeruli was more concen- 
tr: ‘ed. If the renal vein was not ligated immediately 
aftcr the injection of the ink, the intertubular capil- 
lavies of the cortex and vasa recta system in the 
medulla began to clear, while the glomeruli remained 
well filled and contrasted markedly with the poorly 
fille intertubular capillaries of the cortex. This 
latter observation suggests that there is constriction 
of the efferent arterioles of the glomeruli after the 
administration of hypertensin. This is consistent 
with the finding of Corcoran and Page‘ that the in- 


cortical glomeruli as well as the cortical inter- 
tubular capillary network were ink-filled. In 
the 3 rabbits in which at least a part of the 
superficial cortex was not filled it is difficult to 
interpret of what importance, if any, was the 
exclusion of this portion of the cortex from the 
renal circulation, since it occurred only during 
stimulation of the nerve. 

It is our opinion that vasoconstriction in the 
distal portions of the arcuate arteries resulted 
in the exclusion of the ink from the cortex sup- 
plied by the interlobular arteries arising from 
this portion of these vessels. Blood continued 





Fic. 8.—Appearance of the cortex and medulla following ink injection at the time of the maxi- 
mum rise of blood pressure after the injection of hypertensin. Note the prominence of the ink-filled 


glomeruli (X8). 


jection of hypertensin produces a rise in the glomeru- 
lar filtration fraction (fig. 8). The marked concentra- 
tion of ink in the glomeruli occurred also in the 
rabbits that received renin and were sacrificed during 
the period in which the blood pressure was rising. 


DIscUSSION 


The results which we obtained, with the ex- 
cepiion of those in some of the animals in the 
gro.p in which the proximal end of the severed 
sei lic nerve was stimulated, were not in agree- 
ment with the reports of Trueta and collabora- 
tors. In none of the animals was the existence 
of . true “medullary by-pass’? demonstrated. 
In most of the animals the superficial and deep 


to flow only through the most proximal portions: 
of the arcuate arteries and the interlobular 
branches arising from these segments. There is; 
presumably, a marked drop in the arterial 
pressure distal to the constricted portion of the 
arteries, so that only the first portions of the 
interlobular arteries and the glomeruli which 
arise from them are perfused with blood. We 
think that this is the explanation of this phe- 
nomenon, rather than the so-called ‘“‘medullary 
by-pass”’ offered by Trueta and associates. 

A frequent observation, both in the control 
group as well as in the experimental animals, 
was the existence of small, patchy, ink-free 
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areas in the renal cortex. A few of these involved 
the whole width of the cortex, but the majority 
were composed of only the superficial, most 
peripheral glomeruli and subeapsular intertu- 
bular capillary network. In the latter instance, 
the distal portions of the interlobular veins in 
the areas containing no injected fluid were 
filled with ink. It is our opinion that the in- 
jected ink had already passed from the glomeruli 
and intertubular capillaries into the veins. In 
the first instance, in which the whole width of 
the cortex contained no injected fluid, we have 
found that these areas were supplied by the 
interlobular arteries arising from the first por- 





Fic. 9.—Appearance of the ink-filled interlobular 
veins of the cortex, the injected ink having already 
passed through the glomeruli and intertubular capil- 
lary network of the cortex (X4). 


tion of the arcuate vessels. The ink, therefore, 
passed through this portion of the cortex first, 
and, when the kidneys were examined, it was 
found in the arcuate veins and the venous 
channels of the corticomedullary zones which 
drain these regions (fig. 9). 

We think that the increased amount of ink 
in the venous channels which occurs during 
the administration of amyl nitrite is due to the 
rise in venous pressure which occurs simul- 
taneously with the fall in the arterial pressure. 
The most significant effect of this drug on the 
renal circulation appears to be on the venous 
side, with marked dilatation of the cortical 


intertubular capillary network. The injected 
ink passes through the arterial side of the renal 
circulation into the dilated venous capillaries 





and is impeded in its flow from the interlobular 
and arcuate veins by the rise in venous pres- 
sure. Large amounts of the injected ink, there- 
fore, collect in the venous components of ‘he 
vasa recta, the venous channels in the juxia- 
medullary zone, and in the venous component. of 
the cortical intertubular capillary network, snd 
there may occur some retrograde flow of ink 
from the venous channels of the subcortical 
zone of the medulla into the interlobular veins 
in the cortex. 

In the 4 animals in which amyl nitrite was 
administered and the renal vein cut, we think 
that the fall in arterial pressure resulted in (he 
injected ink being carried through only ‘he 
proximal portions of the ‘‘arcuate arteries”’ and 
the interlobular branches arising from these 
segments. Ink was present in the vascular bed 
of the deep zone of the cortex, between the 
patches of cortex that were ink-filled and those 
containing no injected fluid. The ink was found 
in the arcuate arteries, the proximal ends of the 
interlobular arteries, the glomeruli arising from 
these segments, the intertubular capillary net- 
work, and the juxtamedullary glomeruli and 
their efferent arterioles and the corresponding 
vasa recta in the medulla. There was no evi- 
dence of a “‘by-passing”’ of the cortex by the 
blood or injected material through a ‘‘medul- 
lary by-pass”? produced by dilatation of the 
vessels associated with the juxtamedullary 
glomeruli. 


SUMMARY 


1. We were unable to demonstrate the exist- 
ence of two potential circulations in the kidneys 
of rabbits. No “medullary by-pass” or inde- 
pendent circulation through the medulla oc- 
curred. 

2. From our observations it would appear 
that the arterial blood entering the kidneys 
through the renal arteries passes first throug! 
the cortex and then into the medulla. 

3. In the kidneys of rabbits in which t! 
blood pressure is elevated as a result of hype 
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ter-in, and in which the blood pressure is rising 
following the injection of renin, there is a con- 
cen ration of ink in the glomeruli. This obser- 
yation suggests that there is constriction of the 
elonerular efferent arterioles. 
REFERENCES 

1TRv ETA, J., Barcuay, A. E., Franxuin, K. J., 

l)anrELS, P. M., AND PricHarp, M. M. L.: 


Studies of the Renal Circulation. Springfield, 
Ill., Charles C Thomas, 1947. 

2? Katz, Y. L., anD GoLDBLATT, H.: Studies on ex- 
perimental hypertension; Purification of renin. 
J. Exper. Med. 78: 67, 1943. 

3Prerer, K.: Untersuchungen tiber Bau und Ent- 
wickelung der Niere. Jena, Gustav Fischer, 1909. 

4Corcoran, A. C., AND Paces, I. H.: Effects of 
renin, pitressin and atropine on renal blood flow 


and clearance. Am. J. Physiol. 126: 354, 1939. 








Sustained Hypertension due to Pheochromocytoma 
Report of Case Cured by Removal of Tumor 


By Hveu P. Smita, Jr., M.D., R. Bruce Loeve, M.D., Aanp DonaLp E. Brearpb, M.D. 


Report of a case of sustained arterial hypertension due to an adrenal medullary tumor, excision of 
which resulted in return of the blood pressure to normal levels and relief of all symptoms. A brief 
discussion of the symptoms and signs and several useful diagnostic tests is included. 


HEOCHROMOCYTOMAS are tumors 

of special interest because they are cap- 

able of producing arterial hypertension, 
both of the paroxysmal and of the sustained 
type; furthermore, the hypertension they cause 
is one type that can be completely cured. Ree- 
ognition of these tumors is of utmost import- 
ance since they can be completely relieved by 
surgical extirpation, and also because it is now 
known that pheochromocytomas are not as 
rare as formerly believed. The tumors have 
been known to pathologists since 1886, when 
Frankel! reported the autopsy findings of bilat- 
eral adrenal tumors and cardiac hypertrophy 
in a girl 18 years of age, who for three years 
had had attacks of palpitation, headaches, and 
vomiting. The clinical adrenosympathetie syn- 
drome was first described in 1922 by Labbe, 
Tinel, and Doumer’? and since then, pheochro- 
mocytomas have been recognized with increas- 
ing frequency. The first successful removal of 
such a tumor with cure of paroxysmal hyper- 
tension was reported in 1927 by Mayo.’ A 
survey of the available literature now reveals 
that operations have been performed on at 
least 77 of these patients (including the present 
‘ase), with death being reported in 16 cases.*-" 
Our case is one of sustained hypertension, with 
complete relief of symptoms following excision 
of a left adrenal medullary tumor. 


Case Report 


The patient, a 23 year old, white man, first 
entered Emory University Hospital on October 23, 
1947, complaining of headaches and weakness of 
his legs. These symptoms began in May, 1945, 
shortly after the patient had been rejected by the 
Army because of hypertension. He had passed the 
preinduction physical examination in January, 1945. 


From the Departments of Medicine and Urology, 
Emory University School of Medicine, Emory Uni- 
versity, Georgia. 





Following their onset the headaches increased in 
severity. They usually occurred when the patient 
awakened in the mornings and improved during the 
day. They would recur for two or three days snd 
then the patient would have none for several more 
days. Hot weather and physical exertion seemed to 
initiate them. The patient also noted episodes of 
weakness in his legs, with the attacks lasting one to 
three days. There was no numbness or dragging of 
his feet. He had mild palpitation occasionally. He 
also complained of nocturia three to ten times 
nightly without dysuria or daytime frequency. Pit- 
ting edema of his ankles which would clear up over- 
night was noted in January, 1947. At this time he 
was seen by a civilian physician, who noted a blood 
pressure of 260/130, a gland the size of a pecan in 
his left axilla, and a palpable spleen and liver. A 
diagnosis of malignant hypertension was made. 

The symptoms became progressively worse until 
the patient was admitted to Emory University 
Hospital. 

On admission, the blood pressure in the patient’s 
right arm was 240/124; in his left arm, it was 260 
plus /120; and in his right leg, 260 plus/150. Physical 
examination revealed no abnormality except for 
extreme constriction of the retinal arterioles without 
hemorrhages or exudates, a slightly enlarged heart 
with a Grade 1 systolie murmur at the apex, and 
frequent extrasystoles. The liver and spleen were not 
palpable. The left testicle was undescended. 

The blood count revealed 4,750,000 red blood cells 
per cu. mm. with 15.9 grams (103 per cent) of hemo- | 
globin, and 17,800 white blood cells with 4 per cent 
band forms, 68 per cent segmented polymorpho- 
nuclear neutrophiles, 8 per cent eosinophiles, and 
20 per cent lymphocytes. On fourteen urine examina- 
tions the specific gravity varied between 1.002 and 
1.012. There were three to twenty pus cells per 
high-powered field. On October 25, a trace of sugar 
was noted. The urinary output averaged 3,000 to 
4,000 ee. daily. 

An electrocardiogram showed left ventricular hy 
pertrophy of the concordant type with frequen! 
extrasystoles arising from multiple foci (fig. 1, A). 

Amytal sedation lowered the blood pressure fro1 
190/110 to 154/94. The cold pressor test showé 
practically no rise (fig. 2, A). Tetraethylammoniu 
chloride caused no significant change in blood pre- 
sure. When 0.037 mg. of histamine base was givé 
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Fic. 1, B.—Electrocardiogram (after operation) 
showing disappearance of left ventricular hypertrophy 
pattern with return to sinus rhythm. 


Fic. 1, A.—Electrocardiogram (before operation) 
showing left ventricular hypertrophy of the concordant 
type. The frequent ventricular extrasystoles are not 
illustrated. 


5 10 MIN 


COLD PRESSOR TEST 5 10 25 MINUTES 
HISTAMINE TEST 


Fic. 2.—Left: The cold pressor test (before operation). Right hand immersed in ice water for sixty 
seconds at each of the arrows. Right: The histamine test (before operation). Time of intravenous in- 


jection shown by arrow. 
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intravenously, there was an immediate fall in blood 
pressure from 205/130 to 136/70, followed by a 
precipitous rise to 260/146, associated with a severe 
reaction with flushing, hyperventilation, numbness 
of the tongue, lips, and extremities, carpopedal 
spasm, and nausea (fig. 2, B). Massage over the 
adrenal areas failed to produce any attacks. Hyper- 
ventilation would easily produce headaches, car- 
popedal spasm, and a rise in blood pressure from 
184/122 to 244/150. Intravenous urograms failed 
to reveal any deformity or evidence of a tumor. 
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to drain but his fever subsided and he was sent hoine 
on December 2, 1947 (fig. 3). 

The pathologist’s report (concurred in by several 
examiners) was that the tumor was a malign:nt 
pheochromocytoma. 

The patient returned to the hospital Decem)yer 
13, 1947, complaining of fever and pain in the ‘eft 
lower chest and left upper abdominal quad? nt 
aggravated by deep inspiration. The left lum ar 
wound was still draining. A pleural friction rub as 
audible in the left axilla. A pericardial friction ub 
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24 27 


JANUARY 


2\ 3 1 3 6 9 





CHART 


Fic. 3.—Blood pressure chart. Pheochromocytoma removed November 20, 1947 (arrow). Note 


delay in fall of pressure to normal. 


Perirenal aerograms also failed to outline an adrenal 
mass. 

On November 20, 1947, exploration of both 
adrenal glands through bilateral lumbar incisions 
revealed a normal right adrenal gland and a well- 
encapsulated tumor the size of a large egg in the left 
adrenal area. The tumor was completely excised. 
It measured 6.0 by 4.0 by 3.2 em. and weighed 49 
grams. No fluctuation in blood pressure occurred on 
the operating table. On November 22, a pericardial 
friction rub was noted. Serial electrocardiograms at 
this time showed no evidence of myocardial infare- 
tion or pericarditis. The patient’s wound continued 


was again noted. The patient’s temperature was 
101.4 F. His pulse was 108, respirations 22, and 
blood pressure 160/95. X-ray examination revealed 
elevation of the left diaphragm, a tenting adhesion 
from the left diaphragm to the pericardium, an‘! 
pneumonitis or atelectasis at the left lung base. A’ 
electrocardiogram showed changes compatible wit 

acute pericarditis. A culture of the urine produce 

diphtheroids. ; 

The fever slowly subsided under _ penicilli 
streptomycin, and sulfadiazine therapy, but tl 
pain and pericardial rub persisted and the signs « 
atelectasis and fluid remained at the left bas 
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Qn December 21, the blood pressure was 120/80. 
The same day, 450 ce. of turbid, yellow fluid with a 
spe fie gravity of 1.020 was withdrawn from the 
left pleural space. Cultures of this fluid failed to 
procuce any bacteria. The wound continued to 
drai’. The pericardial rub was present intermit- 
tent v. A blood culture failed to grow any bacteria. 

QO; January 22, 1948, the left adrenal area was 
explored and about 1 oz. of unabsorbed oxycel 
vauz’ was found and removed. The patient re- 
sponied well after this operation. His wound 


BP 


5 5 
COLD PRESSOR TEST 


AFTER OPERATION 


of metastasis. The electrocardiogram showed dis- 
appearance of the left ventricular hypertrophy pat- 
tern (fig. 1, B). 


Discussion 


The incidence of pheochromocytoma is about 
equal in both sexes.'® Most cases occur in per- 
sons between the ages of 20 and 50 years of age, 
but may occur in those of any age.’ Neff and 
his associates'® reported the successful removal 


HISTAMINE TEST 


COLD PRESSOR TEST 


® 


Fic. 4—Cold pressor (before operation) and histamine tests (after operation). Reaction to 


histamine test has become negative. 


heale! promptly. Reactions to the cold pressor and 
histarine tests were now negative (fig. 4). He was 
disch: ged on February 9, 1948, despite a persistent 
perics dial frietion rub and low-grade fever. 

A ‘ollow-up visit on June 21, 1948, (214 days 
after »peration) showed the patient to be feeling well 
exce}' for slight pain in his left chest on deep in- 
spira'ion. The left wound still drained a small 
amo nt intermittently. However, he was back at 
work as a barber and had gained 23 pounds. His 
bloo’ pressure was 140/80. The pericardial rub 
was no longer audible. The axillary node was 
sma ier and was not tender. There ‘was no evidence 


of a pheochromocytoma from a 16 month old 
girl with hypertension and the adrenogenital 
syndrome. 

The clinical attacks are the most impressive 
feature of the syndrome. They may vary in 
severity, frequency, and duration. They usually 
last for a few minutes to a few hours, but may 
oceasionally last two or three days. There may 
be a history of attacks for several weeks or as 
long as sixteen years prior to diagnosis.” Thev 
usually increase in frequency, up to two or more 
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times a day; although there may be occasional 
remissions, lasting as long as ten years.'*’ The 
attacks may occur at any time, but seem to 
have a predilection for the early morning.'® 
Between attacks, the patient is usually healthy. 
At the onset of an attack, palpitation is com- 
mon, with headaches and pain in the pre- 
cordium or epigastrium. Nausea and vomiting 
are frequent. Anginoid pains, epigastric pain, 
roaring in the head, occipital headache, heat 
in the face, and sneezing are some of the other 
symptoms described.*® Tachypnea is common. 
Pulmonary edema occurred at one time or 
another in 9 patients reported by Howard and 
Barker;2° 3 of these died in their first attack. 
Palpitation, with a sense of vigorous heart 
action, either slow or fast, occurred in 95 per 
cent of their 18 cases and sweating in 78 per 
cent.” Vasomotor phenomena with pallor at 
first, usually followed by flushing and sweating, 
are common. There may be tremors. The pupils 
dilate. The neck veins may distend. Bauer and 
Belt’ reported a case in a patient whose thyroid 
gland swelled with each attack. After the at- 
tacks there is intense prostration lasting from 
a few minutes to a day. 

The blood pressure may be normal or ele- 
vated between attacks. In 51 cases reviewed 
by Green in 1946, only 14 patients showed in- 
termittent hypertension, while 37 had chronic 
hypertension. During an attack, the blood pres- 
sure usually rises to extreme heights, usually 
over 260/120. In some cases, it has shown wave- 
like fluctuations at five- to fifteen-minute in- 
tervals.!® 

Hyperglycemia and glycosuria appear in 
about one-fourth of the cases. Albuminuria 
may be seen during an attack. 

There is wide variation in the effect of pheo- 
chromocytomas on carbohydrate metabolism. 
Possibly in persons with the least stable carbo- 
hydrate homeostatic mechanism, overactivity 
of epinephrine from the tumor causes in- 
creased liver glycogenolysis. A prolonged hyper- 
glycemia of nonpancreatic origin may lead to 
irreversible pancreatic islet-cell damage and 
diabetes. Two cases have been reported of 
typical diabetes mellitus cured by removal of 
an associated pheochromocytoma.’ In these 
cases, permanent damage was shown by the 





retention of abnormal glucose tolerance curves, 
even though there was no longer hyperglyceinia 
and no need for insulin after removal of the 
pheochromocytomas. 

Other endocrine disorders have been reported 
in conjunction with pheochromocytomas. In 
the family reported by Calkins and Howard” 
as having multiple familial pheochromocy to- 
mas, there were 4 members with thyroid «lis. 
ease. These observers theorized that there 
might be some direct action on the thyroid 
by the secretion of the pheochromocytoma 
which induces nonsecretory thyroid enlarge 
ment, perhaps through its vascular effects. er- 
tainly, thyroid enlargement and an elevation 


of the basal metabolic rate are not uncommon 
in persons with pheochromocytomas and tay 
lead to a mistaken diagnosis of hyperthyroid- 
ism.** In another case of pheochromocytoma 
studied at Emory University Hospital and pre- 
viously reported by Strickler,!® the basal meta- 
bolic rate was +41 and +74 on two separate 
determinations. 

There seems to be an unusually high inci- 
dence of associated generalized neurofibroma- 
tosis, this condition having been reported in 
nine cases of pheochromocytoma.!° 

Pheochromocytomas originate from the chro- 
maffin tissue system. Chromaffin tissue is widely 
scattered in the body. Tumors have been re- 
ported arising from the intrathoracic sympa- 
thetic chain, from below the bifurcation of the 
aorta (organ of Zuckerkandl), from the coc- 
cygeal body, from the carotid body, and in the 
wall of the intestine, but none of these has pro- 
duced the cardiovascular picture. Only those 
in the adrenal glands or in the retroperitoneal 
tissue between the kidneys have shown asso- 
ciated hypertension. 

Pheochromocytomas of all sizes have been 
reported, varying from a few centimeters {0 
very large, melon-sized, cystic masses. In !5 
‘ases the tumors have been bilateral in or near 
both adrenal glands, and in two other cases 
there have been simultaneous tumors in Zucker- 
kandl’s body and in the retroperitoneal ga:- 
glia.?*> One-third of these cases were malignan', 
and, according to Calkins and Howard, in 
none of these was there constant or parox) 
mal hypertension. In the recent literature, how- 


een 
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eve:, there have been a few reports of patients 
witl hypertension and malignant pheochro- 
mocy'tomas.®? The question of malignancy in 
pheochromocytomas is a difficult one to eval- 
uate at present, because the histologic features 
usua!ly denoting malignancy are a rather char- 
acteristic and diagnostic feature of the most 
benizn pheochromocytomas.” 

In 1942, there were 8 undoubtedly malignant 
cases With metastases reported among the 100 
cases gathered by MeGavack, Benjamin, Speer, 
and \Xlotz.2> These metastasized widely to the 
regional lymph nodes, liver, bones, lungs, 
pleura, skin, intestines, and kidney, in that 
order of decreasing frequency. 

The secretion from pheochromocytomas has 
usually been felt to be epinephrine. In 1937, 
Beer, King, and Prinzmetal?* demonstrated a 
pressor substance in the blood during a hy- 
pertensive crisis, which they thought was epi- 
nephrine. However, actual proof of this fact 
is difficult. Demonstration of a pressor sub- 
stance in the blood is not conclusive alone, 
for other substances may confuse the reactions, 
as in chronic lead poisoning and tuberculous 
destruction of only one adrenal gland.’ Many 
persons have demonstrated that the excised 
pheochromocytoma contains a greatly in- 
creased amount of epinephrine over that en- 
countered in the normal adrenal gland. In a 
recent case there were 2,300 mg. of epineph- 
rine in a 350-gram tumor of the right adrenal 
gland.'* The patient died on the operating table, 
and autopsy revealed two small pheochromo- 
cytomas of the left adrenal gland, as well as 
carcinoma of the thyroid gland with metastases 
from the thyroid tumor to lymph nodes in the 
cervical and paratracheal regions, again illus- 
trating the somewhat tenuous connection be- 
tweet: pheochromocytomas and thyroid abnor- 
malities. 

Diticrential Diagnosis. Paroxysmal hyperten- 
sion as been reported with adrenal ganglio- 
heuromas, with neuroblastomas, and with 
adreial cortical tumors. Persistent hyperten- 
sion has been found with retroperitoneal gan- 
glioneuromas, with an adrenal sympathetico- 
blasioma, and is not uncommon with adrenal 
cortical tumors.!® 

l’aroxysmal hypertension can occur in: (1) 


pheochromocytomas, (2) essential hyperten- 
sion, and (3) symptomatic hypertension. In 
essential hypertension, the blood pressure is 
always raised between attacks, the onset and 
end of attacks are gradual, convulsions and 
loss of consciousness are common, widespread 
symptoms are rare, and posture and pressure 
over the adrenal glands do not precipitate at- 
tacks. Symptomatic paroxysmal hypertension 
may be seen as recurrent attacks in lead poison- 
ing, eclampsia, tabes dorsalis, aortic regurgita- 
tion, angina pectoris, thalamic tumors, nephri- 
tis, epilepsy, traumatic or vascular damage to 
the brain, meningitis, diseases of the gasserian 
ganglion, sciatic neuritis, infectious diseases, 
or allergy.®: 1° 

Since examination of the patient in an attack 
is so helpful in diagnosis, various methods of 
initiating attacks have been devised. Some- 
times, attacks can be induced by hyperventila- 
tion, as in our case, or by massage over the 
adrenal area, or by changes in posture. The 
histamine test of Roth and Kvale is often 
used.” One-tenth of a cubic centimeter of his- 
tamine acid phosphate, 1: 1,000, which is equiv- 
alent to 0.037 mg. of histamine base, may be 
given rapidly intravenously. In the normal per- 
son it usually produces little effect, but in the 
presence of a pheochromocytoma, it may cause 
a severe paroxysm of hypertension after the 
initial fall in blood pressure. In the present 
case, the reaction to the test was positive be- 
fore removal of the pheochromocytoma and 
became negative after the successful excision 
of the tumor. Others have also confirmed the 
reliability of this test,!' and still others have 
used the persistence of a positive reaction as. 
evidence for the diagnosis of another tumor 
after removal of the first one, and have re- 
operated and removed a second tumor, follow- 
ing which the reaction has reverted to normal.” 
However, the histamine test is not specific 
for pheochromocytoma, but may also give a 
positive reaction in the presence of adrenal 
cortical tumors. We have recently observed a 
patient with sustained hypertension and a posi- 
tive reaction to the histamine test (with coma 
and a rise in blood pressure from 210/130 to 
290/165). At operation, no pheochromocytoma 
was found, but bilateral adrenal cortical adeno- 
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mas were found and removed. Following oper- 
ation, the blood pressure fell to normal for 
two weeks then returned to 180/120, and the 
histamine reaction became negative. 

Tetraethylammonium chloride has also been 
suggested as a test substance for pheochromo- 
cytoma.”®: 2° LaDue* observed a case with a 
positive reaction to the tetraethylammonium 
chloride test, but with negative reactions to 
benzodioxane and histamine tests.”* In our ease, 
tetraethylammonium chloride produced no 
symptoms or change in blood pressure. The 
adrenolytic benzodioxane drugs of the Four- 
neau series have been recommended recently 
as a test for hypertension due to circulating 
epinephrine.*® These drugs should lower the 
blood pressure if it is elevated because of ex- 
cessive circulating epinephrine. The test has 
been used in the Emory University Hospital 
with a dosage of 0.25 mg. of 933 F (piperidyl 
benzodioxane) per kilogram of body weight 
given intravenously in two minutes. It has 
been given to ten patients with hypertension 
without any untoward symptoms, but so far 
no fall in blood pressure has been produced 
and no pheochromocytomas have been found. 
In the case reported here operation was per- 
formed prior to the publication of the use of 
this test. 

The subcutaneous injection of Mecholyl, 25 
mg., has been suggested as a diagnostic test 
for pheochromocytoma." Intravenous admin- 
istration of 0.5 mg. of Mecholyl was tried in 
our above-mentioned patient with adrenal cor- 
tical adenomas, prior to publication of the 
article by Guarneri and Evans." Although this 
‘aused an abrupt fall in blood pressure, lower 
than that caused by histamine, there was no 
succeeding hypertension, suggesting that the 
histamine-produced hypertension is not a com- 
pensatory rebound to a sudden hypotension. 

The treatment of pheochromocytoma is sur- 
gical excision. Operation is not without danger. 
There is an increased susceptibility to paroxys- 
mal tachyeardias and to auricular or ventric- 
ular fibrillation in the presence of excess epi- 
nephrine. This may be one cause of death on the 
operating table. The patients often show a 
great rise in blood pressure when the tumor is 
being manipulated and a great fall in pressure 





after the veins from the tumor are ligated. 
For this reason, adequate amounts of epi- 
nephrine and adrenal cortical extract should be 
available prior to beginning the operation, sind 
effort should be made to handle the tumor 
gently while removing it. It is possible that he 
benzodioxane drugs might be used to prev«nt 
excessive rises in blood pressure due to maniu- 
lation of the tumor at operation. Some hve 
recommended preoperative cortical extract :nd 
extra salt feedings before operation to gu rd 
against acute adrenocortical insufficiency." \r- 
terial transfusions may help in avoiding ‘he 
sudden vascular collapse. This collapse may be 
analagous to that seen during the operation 
for coarctation of the aorta when the clamps 
are too rapidly released. It has been suggested 
that this is due to splanchnic pooling with 
‘ardiac failure associated with diminished ve- 
nous return.*' In the case of pheochromocytoma, 
the generalized constriction of the vascular 
bed due to epinephrine is followed by general- 
ized dilatation when the source of epinephrine 
is suddenly removed. 


SUMMARY AND CONCLUSIONS 


A case report of a patient with sustained 
hypertension due to a pheochromocytoma of 
the adrenal gland is presented. The symptoms 
disappeared and the blood pressure gradually 
returned to normal following removal of the 
tumor. The use of various tests in the diagnosis 
of the condition is discussed. 


ADDENDUM 
Since this paper was submitted for publication, 
the patient has remained in good health and his 

blood pressure has remained at normal levels. A 

local abscess formed in the region of the sinus tract. 

This was incised and drained in June, 1949. At this 

time his blood pressure was 132/74 in both arms. 

An enlarged and tender lymph node was still present 

in the left axilla. 
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ARRHYTHMIAS BLOOD COAGULATION 
Phillips, E., and Levine, S. A.: Auricular Fibrilla- Wise, Ww. D., Loker, F. F. and Brambel, C. : 
tion without Other Evidence of Heart Disease. Effectiveness of Dicumarol Prophylaxis against 
Am. J. Med. 7: 478 (Oct.), 1949 Thromboembolic Complications following Major 
d ~ Si ° : < -), Lot. ‘ ‘ es . 
= - > Sure mac . ‘ - 4 in 
A study was made of 84 patients with auricular ee Surg., Gynec. & Obst., 88: 486 (Ap».), 
fibrillation of unknown etiology who had no evidence TI ie f ft dj li ‘ 
of organic heart disease. Transient fibrillation was 08 ef ae ° a - or “ - 
° . . . . > . are ra r¢ sec € . > r§ s "aS Ss » ‘ 
noted in 23 and permanent fibrillation in 61. Frank a a von ieee wee 
congestive failure was present in 7 patients and an series of 3,304 patients subjected to major surgical 
additional 7 had latent heart failure. Palpitation was procedures. The therapy — begun on the second 
the most common symptom of those without failure poshoperative day. ‘ omparison with a comparale 
whereas dyspnea, orthopnea, and an enlarged liver untreated ee of — revealed a statistically 
were present in the group with failure. In 20 patients significant reduction ” the incidence of venous 
without frank failure, seven foot heart films showed thrombosis in the patients receiving dicumarol pro- 
an average transverse cardiac diameter of 14.4 em. phylactically. However, it was pointed out that un- 
divin Ginilletion and 14:3.om. after reverdon. In 4 less rigid standardization of laboratory procedure 
cases of congestive failure the transverse diameter for gauging the dicumarol effect is continuously 
averaged 17.4 cm. during and 15.4 cm. after auricu- maintained, certain dangers are associated with 
. . . . . . ° -arrving 110 « OoTrs 
lar fibrillation. Electrocardiographic studies showed arrying out such a program. : 
. ° . £ AMSON 
slight prolongation of the P-R interval after re- — 


version in 6 patients. There was transient inversion 
of T waves after reversion in 4 patients. In 28 pa- 
tients without failure the average vital capacity of 
the lungs was 3,448 ec. during auricular fibrillation 
and 3,700 ec. after reversion. The average vital capac- 
ity was 2,575 ec. before and 3,725 ec. after reversion 
in the group with heart failure. The arm to tongue 
circulation time averaged twenty-four seconds dur- 
ing auricular fibrillation and twenty seconds after 
reversion in 11 patients without failure. The venous 
pressure tended to be slightly elevated in those with 
some failure and returned to normal after treatment. 

There was reversion to normal rhythm in 88.5 
per cent of the patients following the use of quini- 
dine. The normal rhythm persisted for an average of 
26.9 months in those who relapsed. Nineteen have 
not relapsed and still have regular rhythm after a- 
period lasting from two months to twenty-one years. 
In patients showing advanced congestive heart fail- 
ure, symptoms and signs of heart failure disappeared 
after regularization. 


Green, M. A. and Rosenthal, S.: Generalized Blood 
Platelet Thrombosis. J. Mt. Sinai Hosp. 16: 110, 
(Aug.), 1949. 

Three cases of generalized blood platelet. throm- 
bosis are presented; the disease is an acute, fatal 
illness characterized by low grade fever, thrombo- 
cytopenia (including hemorrhagic manifestations), 
hemolytic anemia, and generalized or focal neuro- 
logic signs. The pathologie alterations consist of 
platelet thrombi in the arterioles and capillaries; 
these are distributed through the body but are 
found most commonly in the central nervous system 
myocardium, renal cortex, adrenals and pancreas. 
In the central nervous system the thrombotic lesions 
are situated predominately within the cerebral cor- 
tex and a conspicuous feature is the mildness or 
complete absence of parenchymatous alterations 

The etiology of the syndrome is not known. A 
review of etiologic possibilities is discussed. The 
mechanism of the thrombotic phenomena is not 


It is concluded that auricular fibrillation may wnentond. LECKS 
produce cardiac dilatation and congestive heart =~ 
failure in patients with otherwise normal hearts. Bigelow, W. G., Heimbecker, R. O., and Harrison 
Regularization of the rhythm with quinidine in the R. C.: Intravascular Agglutination (Sludge 
early stages may prevent progressive heart failure Blood), Vascular Stasis, and Sedimentation Rat 
and may be curative in the latter stages. of the Blood in Trauma. Arch. Surg 59: 66 

SCHWARTZ (Sept.), 1949. 
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The authors attempted to study the subject of 
chs anges produced in blood by local trauma in the 
int. “t animal, utilizing a capillary microscope and 
col. ved motion pictures. The omentum and mesentery 
of ooth warm-blooded and cold-blooded animals 
wer observed, using transilluminating light. Under 
noraal conditions, the flow in all vessels was rapid 
and smooth. White blood cells were seen to occupy 
the veriphery of the stream. The smaller capillaries 
allo. ed red cells to flow smoothly in single file with- 
out signs of clumping or rouleau formation being 
obse-ved. When trauma was applied locally, defi- 
nite changes occurred. First there was a slowing of 
the : ite of flow, which caused a granular appearance 
in the larger venules and arteries. Then there was 
a movement of fluid and red blood cells from the 
vessels into the tissue spaces. White blood cells 
began to adhere and became fixed to the injured 
endothelium, particularly in the venous end of the 
capillaries. When resolution occurred, the first change 
was the appearance of pulsations in some of the 
blocked arteries, synchronous with the heart beat, 
and later the re-establishment of the movement of 
the blood. However, when this took place, clumps 
or aggregates of agglutinated cells passed into the 
general circulation. Several hours after the ap- 
plication of local trauma, red blood cells which ex- 
hibited no movement were noted in many arterioles, 
capillaries and venules in distal sites of the body. 
This reaetion appeared to be due to blockage by 
the circulating agglutinated masses or sludge. Co- 
incident with the healing of traumatized tissue, the 
circulation returned to its former state. The fate 
of the clumps of red blood cells could not be as- 
certained. Nor could the question of what produced 
their formation originally be answered on the basis 
of the available evidence. 

ABRAMSON 


Rogers, J. F., Barrett, R. J. and Lam, C. R.: The 
Effect of Moderate Degrees of Dicumarol-in- 
duced Hypoprothrombinemia on Experimental In- 
travascular Thrombosis. Surg., Gynec. & Obst. 89: 
339 (Sept.), 1949. 

The effect of depression of the prothrombin level 
of blood with dicumarol on the production of ex- 
perimental intravascular thrombosis was studied in 
a seiies of dogs. The drug was given in varying 
dosaces in order to maintain the prothrombin ac- 
tivit’ at different levels, and then six veins in each 
aninal were traumatized, in an attempt to produce 
thro:abosis. Of the animals in which the prothrombin 
leve! fell to between 3 and 30 per cent of normal, 
the percentage of cases in which thrombosis oc- 
curd was only slightly below that observed in the 
contvol animals. Only in those instances in which 
the »rothrombin level fell below 3 per cent of normal 
was thrombosis inhibited. However, in this group 
all nimals demonstrated hematomas and 2 died of 
her .orrhage. 


The authors conclude that a degree of dicumarol- 
induced hypoprothrombinemia, which is generally 
considered to be a desired therapeutic effect, does 
not significantly reduce the incidence of experimen- 
tally produced thrombosis. 

ABRAMSON 


Quick, A. J., and Stefanini, M.: The State of Com- 
ponent A (Prothrombin) in Human Blood; Evi- 
dence That It Is Partly Free And Partly in an 
Inactive or Precursor Form. J. Lab. & Clin. Med. 
34: 1203 (Sept.), 1949. 

The formation of thrombin requires Component 
A (prothrombin), the labile factor, thromboplastin 
and combined calcium. None of the factors are ac- 
celerators. In fresh human plasma, Component A is 
present partly free and partly in an inactive or pre- 
cursor state. Component A requires a rough sur- 
face for its activation, but there is no evidence that 
‘aleium, thromboplastin or thrombin are necessary 
for its conversion to the active stage. In oxalated 
human plasma, nearly all of Component A is changed 
to the active form after twenty-four hours of storage, 
if it is left in contact with a rough surface such as 
glass. 

In the coagulation of plasma in which there is a 
deficiency of available thromboplastin due either to a 
lack of thromboplastinogen as in hemophilia or 
to a removal of platelets, the concentration of free 
Component A is markedly increased because little 
of the original active form is consumed and addi- 
tional active Component A is produced from the in- 
active precursor. 

Two types of congenital hypoprothrombinemia 
are known in which a deficiency of Component A 
occurs. In one type, a true deficiency of both free 
and total Component A exists. In the second type, 
which is the more common and is hereditary, the 
concentration of total Component A is normal, but 
the amount of the free or active form is below normal. 
This suggests that an unknown mechanism regu- 
lates the ratio of active to total Component A. 

The authors*show that a large fraction of the 
total Component A is in an active form. It is possi- 
ble that in recent studies the activation of Com- 
ponent A has been misinterpreted as an acceleration 
of the conversion of prothrombin to thrombin. The 
two stage method of measuring prothrombin de- 
termines total prothrombin (Component A), but 
does not distinguish between the free and inactive 
form. The one stage method determines the free or 
active Component A, and to determine the total, 
all of Component A must first be converted to the 
active state. 

Mintz 


CONGENITAL ANOMALIES 


Potts, W. J.: Surgical Treatment of Congenital 
Pulmonary Stenosis. Ann. Surg. 130: 342 (Sept.), 
1949). 
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One hundred and eighty-one patients, whose 
ages ranged from 10 weeks to 17 years, were operated 
upon at the Children’s Memorial Hospital. Surgery 
was refused to no child, regardless of condition, if it 
could be demonstrated that there was diminished 
blood flow to the lungs. Skillful anesthesia was par- 
ticularly important with this group of patients. 
During operation oxygen was conserved in patients 
with severe cyanosis by lowering the body temper- 
ature. The surgical approach in all children above 2 
years of age with pulmonary stenosis was through 
the left fourth intercostal space. If the arch of the 
aorta curved to the left, an aortic-pulmonary anas- 
tomosis was done. If the arch curved to the right, 
a subelavian-pulmonary anastomosis was done. 

Postoperative complications and the causes of 
death are outlined and discussed. The overall mor- 
tality rate (twenty-three deaths in 181 patients) 
was 12.7 per cent. The mortality rate in patients 
upon whom anastomoses could be performed (six- 
teen deaths in 165 patients) was 9.7 per cent. The 
results in those patients who survived surgery were 
very satisfactory; however, too few years have 
passed to guess intelligently the future of these 
children. 


BEcK 


Stauffer, H. M.: The Conventional Roentgen Ex- 
amination in Operable Congenital Heart Disease. 
Radiology 53: 488 (Oct.), 1949. 

The author presents the roentgenographic findings 
in Fallot’s tetralogy, right aortic arch, tricuspid 
atresia, persistent truncus arteriosus, Kisenmenger’s 
complex, isolated pulmonic stenosis, patent ductus 
arteriosus, interatrial and interventricular septal de- 
fects, and in coarctation of the aorta. 

He states that only 14 of 50 cases of tetralogy of 
Fallot had “sabot” shaped hearts, most had small 
hilar vessels, while 10 of the 50 had an increase in 
the size of vessels extending beyond the hila, which 
was interpreted as being caused by a collateral 
arterial supply. Only one of 12 cases of right aortic 
arch had a high crossing to the left with typical 
esophageal displacement anteriorly. Only 5 of the 
90 cases with patent ductus arteriosus had no prom- 
inent pulmonary artery; 90 per cent had only 
moderate cardiac enlargement and 25 of the 90 had 
slight left auricular enlargement. Left auricular 
enlargement was present in interatrial septal defects 
when mitral stenosis (Lutembacher syndrome) was 
present. 

SCHWEDEL 


CONGESTIVE HEART FAILURE 


Little, J. M.: A Unified Concept of Cardiac Failure 
Am. J. Med. 7: 207 (Aug.), 1949. 
Data taken from the literature and subjected to 
statistical analysis has been used to analyze present 
concepts and support the author’s unified concept 





of cardiac failure. On the basis of this study it is 
postulated that normally a decrease in the mixed 
venous partial pressure of oxygen in response to in- 
creased oxygen utilization or inadequate blood oxy- 
gen capacity probably serves as a stimulus which 
results in an increased cardiac output and a ce- 
creased venous capacity, the decreased venous ca- 
pacity being due to venoconstriction. These effe: ts 
may be brought about by reflex or humoral contyol 
or by a combination of both. 

In the normal individual an increased oxygon 
demand, such as is provided by exercise, would e- 
sult in a slight or moderate rise in the central ven: iis 
or atrial pressure, depending upon the adequacy of 
the increased cardiac output in response to the <\e- 
creased mixed venous partial pressure of oxygen. 
In spite of the decreased venous capacity ther 
would be no increase in central venous pressure if 
the increase in cardiac output were entirely ade- 
quate. In cardiac failure, whether acute, congestive, 
or anemic heart failure, an inadequate response of 
the heart with unimpaired venoconstriction would 
result in a marked increase in venous or atrial 
pressure. This concept does not imply that a decrease 
in mixed venous partial pressure of oxygen with 
consequent venoconstriction, as in failure of oxy- 
genation, would necessarily result in an elevated 
venous or atrial pressure. Both the decrease in 
venous capacity and the ability of the heart to in- 
crease its output would be the deciding factors. 

SCHWARTZ 


Kaindl, F., Polzer, K. and Werner, G.: The Action 
Currents of the Sensory Cardiac Nerves in Ex- 
perimental Cardiac Failure. Arch. internat. de 
pharmacodyn. et de thérap. 80: 69, (July 1), 
1949. 

In 25 cats and 6 dogs anesthetized with ether or 
chloralose, the action currents of the afferent fibers 
of the inferior cardiac nerves were analysed before 
and after the intravenous injection of barbiturates. 
Evipan (30-50 mg./Kg.) and Pernocton (20-40 
mg./Kg.) were injected with the intention of causing 
“cardiac failure’. The number of the afferent im 
pulses was found to be reduced after the injection 
of barbiturates. The authors conclude that bar 
biturates cause a paralysis of the receptors in the 
ventricular wall. This effect is spontaneously re 
versible but the recovery is accelerated by the in 
jection of 0.05-1.0 mg. of strophanthin. Since bar 
biturates act in the same way on the denervated 
heart, the paralysis of the receptors in the ventricle 
does not play any part in the mechanism of this 
type of heart failure. 

SCHERF 


Mettier, S. R., Weaver, J. D. and McBride, A. F. 
The Effect of Stasis of Blood in Varicose Vein 
on Erythrocyte Fragility, with Accompanying Stu 
dies Comparing Red Cells and Other Blood Ele 
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nents with Cubital Vein Blood. Blood 4: 1033 

Sept.), 1949. 

‘he authors report their attempt to evaluate the 
efi-ct of in vivo stasis in varicose veins as a possible 
mechanism for increasing red cell fragility. Although 
th degree of stasis in varicose veins is not known, 
it s ems well-established that the movement of blood 
in varicosities is very sluggish. They studied red 
blood cells from the varicose veins of 20 patients 
whe had no demonstrable hemolytic tendency or 
other blood dyserasia. 

Lach patient stood quietly for a period of at 
least fifteen minutes. Blood was then drawn from 
a tortuous dilated superficial vein and immediately 
afterwards from the cubital vein, without the aid 
of » tourniquet. In each patient, the fragility fell 
within the normal range in both specimens. A small 
but significant increase in red blood cell count was 
found in the blood from the varicose veins. This was 
felt to indicate a minor degree of hemoconcentration. 
The packed cell volume was only slightly higher in 
the blood from varicose veins than in cubital blood. 
If there had been some red cell swelling, one would 
have expected a greater increase. There was a sug- 
gestive increase in total serum proteins, but there 
was no significant difference in hemoglobin, platelets, 
or white cells. 

The authors conclude that the theory that minor 
degrees of intravascular erythrostasis contribute 
substantially to some of the hemolytic anemias is 
untenable. 


BEIZER 


Newman, E. V.: Function of the Kidney and Me- 
tabolic Changes in Cardiac Failure. Am. J. Med. 
7: 490 (Oct.), 1949. 

Studies were made of the mechanism of salt re- 
tention by the kidney by correlating the changes in 
renal funetion with the clinical and metabolic con- 
dition of a few intensively studied patients in cardiac 
failure, and also with the effect of stress and drugs 
upon the kidney in normal subjects and patients 
with cardiae failure. A simple correlation between 
the hody sodium chloride balance and the renal 
circulatory pattern during recovery from congestive 
cardiac failure and edema was not found. It is sug- 
geste! that the idea of a diminution in glomerular 
filtration rate as the primary reason for salt reten- 
tion overlooks the possibility of metabolic, humoral 
or nevrologie influences upon the renal tubular cells. 
Although reduction in the amount of glomerular 
filtra‘e presented to the renal tubules may occur in 
cardiie failure, the renal tubular cells are ultimately 
responsible for the regulation of output by selective 
reab-orption, allowing a small percentage of the 
filtered substances to escape into the urine. Anti- 
diuretic and salt-retaining humoral substances may 
poss bly be liberated and increase the renal tubular 
real sorption of salt. 

I), addition, it may be demonstrated experimen- 


tally that exercise exerts a specific influence on so- 
dium and chloride excretion and may represent in 
part the renal mechanism responsible for the edema 
in cardiac failure. The effect of mild exercise on pa- 
tients with cardiac failure was investigated in regard 
to renal circulation and electrolyte excretion. A 
selective change in the excretion of sodium, chloride, 
and water occurred without significant change in 
potassium, phosphate or the glomerular filtration 
rate. 
SCHWARTZ 


Harvey, R. M., Ferrer, M. I., Cathcart, R. T., 
Richards, D. W., Jr., and Cournand, A.: Some 
Effects of Digoxin upon the Heart and Circulation 
in Man. Am. J. Med. 7: 439 (Oct.), 1949. 

Five patients with left sided heart failure who 
were studied by the cardiac catheterization pro- 
cedure showed a similar early response to intra- 
venous Digoxin. Before administration of Digoxin 
the pulmonary artery systolic, diastolic and mean 
pressures of all patients were elevated. The end 
diastolic pressures of the right ventricle, however, 
were normal; this was an indication of normal right 
auricular and peripheral venous pressure. The car- 
diac output was normal in one patient, low normal 
in another, and definitely reduced in the others. 
Peripheral resistance was increased in all, and blood 
volumes were increased to a variable extent in 4 
patients. Following the injection of 1.0 to 1.5 mg. 
of Digoxin in 30 ce. of saline through the catheter 
into the pulmonary artery, the cardiac output and 
stroke volume rose and the pulmonary arterial pres- 
sure diminished without change in the right ven- 
tricular end diastolic pressure in all of these patients. 
The apical diastolic gallop found in 4 patients dis- 
appeared, the heart rate fell significantly in 2, and 
peripheral resistance was decreased in 4. A sixth pa- 
tient with left ventricular failure showed similar 
changes in cardiac output, stroke volume, and pul- 
monary arterial pressure after the peripheral re- 
sistance had begn lowered by quinidine. 

It is pointed out that the increased stroke volume 
and the reduction in the pulmonary hypertension 
in the first 5 patients suggests a more adequate emp- 
tying of the left ventricle and a reduction in the 
residual blood volume of the left ventricle and left 
auricle. The increased systemic flow resulted in an 
increased return of blood to the right heart without 
detectable change in the end diastolic pressure of 
the right ventricle; this was the response of a nor- 
mally functioning right heart in which large volume 
changes are associated with minimal filling pressure 
increase. In the patient treated with quinidine the 
production of peripheral vasodilatation enabled the 
left ventricle to empty more completely, thus re- 
ducing the pressures in the lesser circulation, and 
showing the importance of left ventricular action 
upon the pulmonary circulation. In the patient with 
chronie cor pulmonale, the right heart, working 
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against a reduced caliber and increased resistance 
of the pulmonary arterioles, was failing to empty 
itself as shown by the increase in end diastolic 
pressure. After Digoxin, better emptying of the 
right ventricle reduced the residual volume and 
filling pressure but caused the increase in the pul- 
monary artery systolic pressure. 

On the basis of the hemodynamic changes noted 
in these patients for a short period after drug ad- 
ministration it is suggested that in cases of left 
ventricular failure Digoxin has a predominantly 
myocardial effect rather than an action upon the 
systemic venous system. Changes in peripheral vas- 
cular resistance after Digoxin probably represent re- 
flex alterations in dynamics secondary to the in- 
crease .in stroke volume rather than a_ primary 
effect upon the arterioles. 

SCHWARTZ 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Bourne, W. A.: Acute Pericarditis Simulating Car- 
diac Infarction. Brit. M. J., No. 4627: 579 (Sept. 
10), 1949. 

The author reports 2 cases of acute pericarditis 
simulating cardiac infarction. A 63 year old man was 
diagnosed clinically as a case of temporal arteritis. 
Two months later, an electrocardiogram showed 
changes indicating acute pericarditis, with elevation 
and deformity of the RS-T segment in all leads 
This returned practically to normal a fortnight later. 
A 37 year old man developed epigastric pain while 
driving his ear. An electrocardiogram showed the 
changes of acute pericarditis, with elevation and de- 
formity of the RS-T interval in the limb leads and 
chest leads CR, to CR;, maximal in Lead II and 
CR;. After a fortnight the heart was clinically 
normal, but there was still slight elevation of the 
R-T interval, maximal in Leads IT and CR,. Both 
cases were at some stage diagnosed clinically as car- 
diac infarction, but in neither did complete analysis 
substantiate this diagnosis. The author suggests 
pericardial infarction as the mechanism responsible 
for these changes. 

BELLET 


Levy, H.: Traumatic Coronary Thrombosis with 
Myocardial Infarction. Arch. Int. Med. 84: 261 
(Aug.), 1949. 

The author presents a case of thrombosis of a 
coronary artery with consequent myocardial in- 
farction which appeared to have been produced by : 
nonpenetrating injury which caused a contusion of 
the anterior wall of the chest. Both the myocardial 
infarct and the occluding thrombus found at ne- 
cropsy were of a histologic age consistent with the 
thirteen-day period between the day of the accident 
and the day of death. 


The mechanism of cardiac damage in such eases 
is clear. The force of the external violence is trans- 
mitted to the heart muscle which undergoes varying 
degrees of reaction depending on the intensity of tiie 
impact. While the dramatie evidences of shock, with 
collapse, air hunger and pallor, may be present, mx 
often symptoms are less obvious and so unobtrusi 
that patients are allowed their usual activity, only 
to die suddenly from rupture of the heart duriig 
the period of softening of the contused muscle. It ; 
frequently difficult to differentiate the pain aris 
in a contused chest wall from that having its oricin 
in bruised cardiac muscle. A slight rise in tempor- 
ature or an increased rate of sedimentation of the 
red blood cells may serve to indicate the prese: ce 
of bruised muscle tissue. Electrocardiographie :b- 
normalities may be transient, lasting but a few day 
On many occasions, the electrocardiogram, normal 
a few hours after the accident, shows abnormalities 
twenty-four or forty-eight hours later. In the sevever 
contusions, electrocardiographic abnormalities siini- 
lar to those seen in coronary disease with occlusion 
may occur. The importance of repeated electrocar- 
diograms in cases of trauma is emphasized. 

BERNSTEIN 
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Katz, L. N., Mills, G. Y., and Cisneros, F.: Survival 
after Recent Myocardial Infarction. Arch. Int. 
Med. 84: 305 (Aug.), 1949. 

The authors present the results of their analysis 
of the long term prognosis in 507 cases of recent 
myocardial infaretion. It was found that the mor- 
tality rate was greatest in the first two months and 
then for a time lessened progressively. The rate con- 
tinued to be high for the first year and then re- 
mained fairly steady from the second to the fifth 
year. By the end of the fifth to the sixth year, 81 
per cent of the patients were dead. About one-fourth 
of the patients died in the first two months, about 
one-half had died at the end of a year, about two- 
thirds at the end of the third year and approximately 
four-fifths had died at the end of five years. Of the 
52 patients who died after the second month fol- 
lowing infarction in whom the cause of death was 
known, 19 per cent died of heart failure, 6 per cent 
of pulmonary embolism, and 65 per cent of a new 
myocardial infarction. Hypertension on admission 
had no effect on the mortality rate in the first two 
months but caused a slight increase in the long- 
term mortality. The presence of angina at the time 
of admission and up to one month preceding ad 
mission had no deleterious effect on the immediate 
mortality in the first two months, but the average 
duration of life of those who died after two montl:s 
was somewhat shortened. It was also found th 
heart failure affects unfavorably the immediate «1 
long term prognosis of recent infarction. The pr 
ence of diabetes mellitus increased the mortali 
rate in the first two months, as well as the over 
mortality rate. The absence of low voltage, he 
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ick, ectopic rhythms and sinus tachycardia led to 
a nuch better immediate prognosis, but did not in- 
fl.ence the long term prognosis. The immediate 
n ortality rate was greater in women than in men, 
bt after the first two months the rate was less for 
w men than for men. Infarcts of the lateral wall 
h: | a lower mortality rate than an anterior or 
) terior infarct. After two months little difference 
w: s found in the mortality rate between the anterior 
wosterior wall infarction. The mortality rate was 
gr iter for the whole group when the electrocardio- 
erin Was Classified as showing an atypical coronary 
pa ern. 


SIMON 


Evins, W.: Triple Heart Rhythm as a Sign of Car- 

diac Pain. Lancet, 2: 737 (Oct. 22), 1949. 

The author reports a study of 285 patients with 
chest pain without either valvular disease or hyper- 
tension. The cardiac pain in these patients probably 
resulted from coronary artery disease. In 139 the 
electrocardiogram was physiologic and no abnormal 
physical signs were found. In 146 a subsequent elec- 
trocardiogram showed evidence of cardiac infare- 
tion. Forty-one of this group showed a characteristic 
triple heart rhythm on auscultation; it soon became 
apparent that triple heart rhythm in any patient 
with chest pain predicted the electrocardiogram 
identified with eardiae infarction. The triple heart 
rhythm in cardiae infaretion results from the addi- 
tion of the third heart sound (protodiastolic or 
summation gallop) and can easily be discovered by 
routine auscultation. The remaining 105 patients 
with infaretion presented ‘dual heart rhythm.” 

Though the incidence of a low blood pressure was 
not significantly greater in patients with triple heart 
rhythm than in those with dual rhythm (7 per cent 
against 2 per cent), the proportion with a high 
normal blood pressure was small among patients 
with triple rhythm (5 per cent against 19 per cent). 
Cardiae enlargement was almost twice as common 
in patients with triple rhythm (65 per cent) as in 
patients with “dual rhythm.” Heart failure was 
present in 49 per cent of patients with triple rhythm 
and in only 6 per cent of those with dual rhythm. 
Though triple rhythm was sometimes present with- 
out either, it was more likely to be found in cardiac 
infarction when heart enlargement and failure existed 
side by side. 

The author concludes that the help obtained from 
triple heart rhythm in the diagnosis of cardiac in- 
farc'ion as the cause of chest pain should encourage 
the -linician to seek to determine its presence dili- 
gen‘ ly, 


BELLET 


Dak, S., Master, A. M., Horn, H., Grishman, A., 
and Field, L. E.: Acute Coronary Insufficiency 


due to Pulmonary Embolism. Am. J. Med. 7: 
454 (Oct) 1949. 
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A study of 41 consecutive fatal cases of pul- 
monary embolism confirmed by autopsy showed that 
acute coronary insufficiency is an important factor 
in determining the resultant electrocardiographic 
and myocardial effects. In only a minority of cases 
was the electrocardiographic pattern of acute cor pul- 
monale found: deep 8; and Q;, depressed RS-T,, 
elevated RS-T;, and inversion of T;. The majority 
of the electrocardiographic changes were character- 
istic of acute coronary insufficiency: RS-T depres- 
sion and T wave inversion in one or more leads, 
and often in all leads. 

Whereas the classic cor pulmonale pattern was 
seen more often in patients with previously normal 
hearts, the electrocardiographic changes were usu- 
ally those of coronary insufficiency when the electro- 
cardiogram prior to the embolism was very abnormal. 
The development of the cor pulmonale pattern was 
less likely to occur in the presence of marked left 
axis deviation. Although right ventricular dilatation 
was not regularly associated with either the cor 
pulmonale or coronary insufficiency pattern, the 
latter was often noted in patients with marked di- 
latation of the chambers of the right side of the 
heart. This suggests that right ventricular strain 
and coronary insufficiency may occur simultaneously 
following massive pulmonary artery embolism. Gross 
or histologic changes indicative of myocardial nee- 
rosis or infarction resulting from acute coronary in- 
sufficiency were found in ten cases. The right ven- 
tricle was involved in only one case, emphasizing 
the greater deleterious effect of pulmonary embolism 
on the left ventricle. Acute myocardial changes were 
found in cases with electrocardiograms indicative of 
cor pulmonale as frequently as in cases with electro- 
cardiographic signs of acute coronary insufficiency. 

It is concluded that coronary insufficiency fol- 
lowing pulmonary artery embolism is caused by 
diminished coronary blood flow and myocardial 
anoxia which result from systemic shock, right ven- 
tricular dilatation, anoxemia and_ possible reflex 
vasoconstriction. 

SCHWARTZ 


ELECTROCARDIOGRAPHY 


Clerc, A., and Quincaud A.: The Electrical Complex 
of the Heart after Ablation of the Intraventricular 
Septum. Compt. rend. Soc. de biol. 143: 834 
(June), 1949. 

The heart of the dog was exsanguinated by 
ligature of the vena cavae and vena azygos, and 
part or the whole of the intraventricular septum 
was excised through a cut in the ventricular wall. 
With total extirpation, A-V dissociation was ob- 
served. In direct and indirect bipolar leads the 
QRS and T waves changed their direction. The con- 
tractility of the heart was not altered. With subtotal 
extirpation or removal of only the lower part of the 
septum, no change in the electrocardiogram was 
seen; this indicates that a “paraspecific” connection 
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of auricles and ventricles was not interrupted by the 
latter procedure. 
Pick 


Zollner, S.: The Recognition of Right Heart Strain 
With Special Reference to Pulmonary Emphysema 
and the Value of the So called P Pulmonale. 
Arch. Kreislaufforsch. 14: 353 (June), 1949. 

An early diagnosis of right heart strain may be 
difficult before the onset of right heart failure. An 
analysis of the pathophysiology and an evaluation 
of clinical, x-ray and electrocardiographic findings 
in cases of emphysema has shown that clinical 
findings are of more importance for the diagnosis 
than laboratory methods. The diagnostic value of 
P pulmonale is restricted. According to the author’s 
experience its absence in the electrocardiogram 
does not exclude marked hypertrophy and/or di- 
latation of the right auricle. On the other hand, it 
may be found with a normal heart in vertical or 
intermediate position. It is significant only if it oc- 
curs together with signs of right ventricular hyper- 
trophy or with a marked right axis shift of the ven- 
tricular complexes. 

Pick 


Coblentz, B., Harvey, R. M., Ferrer, M.I., Cournand 
A., and Richards, D. W., Jr.: The Relationship 
between Electrical and Mechanical Events in the 
Cardiac Cycle of Man. Brit. Heart J. 11: 1 (July). 
1949. 

The relationship between the electrical and me- 
chanical events in the cardiac cycle of man were 
studied by recording the blood pressure in the right 
auricle, right ventricle, pulmonary artery and 
brachial artery simultaneously with the electrocar- 
diogram. 

In adults with essentially normal circulation, (1) 
the average time interval between the beginning of 
the P wave and the beginning of auricular systole 
was 0.09 second in 16 cases. (2) The average time 
interval between the beginning of Q and the be- 
ginning of the right ventricular systole was 0.075 
second in 30 cases. (3) The average time interval 
between the beginning of Q and the beginning of 
the pulmonary artery systole was 0.085 second. (4) 
The duration of isometric contraction of the right 
ventricle, determined by subtracting (3) from (2), was 
0.013 second. This time was necessary to raise the 
pressure in the right ventricle from 3 mm Hg to 8 
mm Hg. (5) The average time interval between the 
beginning of Q and the beginning of brachial artery 
systole was 0.160 second in 30 cases. 

The authors also discuss in detail the relationship 
between mechanical and electrical events in the 

various Clinical disorders of the heart beat, in bundle 
branch block and pulsus alternans. 
SOLOFF 


Littmann, D.: Ventricular Strain and Ventricular 
Hypertrophy. New England J. Med. 241: 363 
(Sept. 8), 1949. 


ABSTRACTS 


The author attempts to define certain electro- 
cardiographic patterns as pathognomonic of strain 
and others of hypertrophy. In uncomplicated strain 
of the right ventricle there are ST-segment depres- 
sions and T-wave inversions over the right  pre- 
cordium, whereas right ventricular hypertrophy pro- 
duces, in addition, prominent QRS complexes ove1 
the right precordium. Left heart “strain” has now 
been largely replaced by “hypertrophy.” This is 
present when the QRS complexes from the left side 
of the precordium (V; or V, or both) consist largel) 
or entirely of R waves of unusual height and dura 
tion (greater than 27 mm. in height with intrinsic 
deflection of 0.04 second or more after the origin 
or when the sum of S in V, and R in V; exceeds 35 
mm. Commonly these changes are accompanied by 
depressed or sloping S-T segment and an inverted 
T wave in V; or V,. The author suggests that left 
ventricular strain without hypertrophy is seen in 
electrocardiograms that fulfill the ST-segment and 
T-wave requirements without R or S waves of ab 
normal size; this may be reversible. Hypertrophy 
without strain is suggested by records with R and $ 
waves of heroic proportions but with normal S-1 
segments and T waves. 

GOSFIELD 


HYPERTENSION 


Gorman, W. F. and Wortis, S. B.: Psychosis due to 
Thiocyanate Treatment of Hypertension. J. Nerv. 
& Mental Dis. 110: 46 (July), 1949. 

The authors report a case of a toxic psychosis due 
to the use of thiocyanates in the treatment of hy- 
pertension. A 65 year old man with generalized ar- 
teriosclerosis and a blood pressure of 210/120, was 
given elixir of potassium thiocyanate, 1 gram a day. 
After he had ingested a total of 15 grams of po- 
tassium thiocyanate in eight days, he became un- 
controllable and umanageable. The cardiovascular 
status was unaffected by either the drug or the manic 
state. Following cessation of medication, his course 
in the hospital was characterized by gradual mental 
clearing and he was discharged, recovered, three 
weeks after admission. 

The authors state that the psychosis following 
potassium thiocyanate is characterized by psycho 
motor agitation, manic-like in nature, as well as 
sensorial defects, visual and auditory hallucinations, 
and paranoid delusions. They emphasize that an or 
zanic psychosis in a hypertensive patient taking 
thiocyanate may be due to intoxication by this drug 

BELLET 


Davis, L., Tanturi, C.,-and Tarkington, J.: The 
Effect of Reduced Blood Flow to the Liver in 
Renal Hypertension. Surg., Gynec. & Obst. 89: 
360 (Sept.), 1949. 

According to the recent theories regarding the 
factors responsible for the production of hypertet- 
sion, the liver plays an important role both in tle 
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elaboration of hypertensinogen, the precursor of hy- 
»ertension, and in the formation of a vasodepressor 
ubstance, the latter resulting from a reduced oxygen 
ension due to a lowered blood flow through this 
gan. The authors therefore considered it of im- 
iortance to determine the effect of decreasing liver 
jlood flow in dogs with experimental renal hyper- 
ension. In each of the 5 animals studied, a sub- 
‘antial reduction in systolic blood pressure oc- 
irred following the application of Goldblatt clamps 
the portal vein at the entrance of the vessel into 

e liver and to the common hepatic artery. 

ABRAMSON 


riedman, S. M., and Friedman, C. L.: Observations 

on the Role of the Rat Kidney in Hypertension 

Caused by Desoxycorticosterone Acetate. J. 

iixper. Med. 89: 631 (June), 1949. 

The authors report their attempt to elucidate the 
mechanism whereby desoxycorticosterone acetate 
(DCA) is eapable of producing a rise in the biood 
pressure of a wide variety of species, including man. 
In earlier experiments, the authors had noted that 
the rise in blood pressure in the rat appeared to be 
independent of alterations in renal function as de- 
termined by the clearance of inulin and sodium 
paura-aminohippurate, and that this rise considerably 
preceded the onset of renal ischemia. However, 
they also had noted that where renal function was 
undisturbed by DCA, kidney weight was increased. 
Apparently normal renal function was maintained 
only by hypertrophy. 

In order to demonstrate the relation between 
blood pressure rise and kidney involvement, pellets 
of DCA were administered for fifty-one days to 
albino rats of the Sherman strain which also re- 
ceived 1 per cent saline as drinking water. Treat- 
ment was stopped in representative groups at 
twenty-five, thirty-seven, and fifty-one days. It was 
noted that both the elevation in blood pressure 
during treatment and its reversal when treatment 
was stopped were closely correlated with correspond- 
ing changes in renal mass. The process did not be- 
come irreversible during the time it was studied. 
After removal of both kidneys, an aggravation of 
the hypertension was observed in DCA treated 
animals, suggesting that the kidneys are actively 
concerned with the excretion and possible inactiva- 
tion of the steroid. 

SCHWARTZ 


PATHOLOGY 


More, R. H., Waugh, D., and Kobernick, S. D.: 
Cardiac Lesions Produced in Rabbits by Massive 
Injections of Bovine Serum Gamma Globulin. J. 
I.xper. Med. 89: 555 (May), 1949. 

‘he authors noted a high incidence of granu- 
lon.atous lesions of the heart valves and valve 
rinus in a series of experiments designed to study 


the lesions of glomerulonephritis produced in rab- 
bits by repeated intravenous injections of bovine 
serum gamma globulin. A total of 17 rabbits were 
anaphylactically sensitized to the bovine gamma 
globulin. The existence of hypersensitivity in the 
tested animals was indicated by the presence of a 
positive Arthus reaction and precipitins in the blood. 
Focal granulomatous lesions were found in the valves 
and valve rings of 9 animals. Valve lesions were 
present in 8 animals, lesions of the valve rings were 
present in 4 animals, and lesions in both locations 
were present in 3 animals. In addition, an arteritis 
was seen in the hearts of 2 animals. No similar 
lesions were present in 7 controls, 4 of which were 
injected with normal saline equivalent in volume to 
the dose of globulin administered to the treated 
animals. Histologically the lesions were found to be 
similar to, but not identical with, the lesions of 
human rheumatic fever. It is suggested that the 
similarities between the experimental and human 
valve and valve ring lesions indicate they may have 
a similar pathogenesis. 
SCHWARTZ 


Spiihler, V O.. and Morandi, L.: Scleroderma and 
Its Relation to the Libman-Sacks Syndrome, 
Dermatomyositis, and Rheumatic Infections. Hel- 
vet. med. acta 16: 147 (May), 1949. 

This communication concerns two cases of gen- 
eralized scleroderma and Libman-Sacks syndrome. 
In both cases the onset took the form of the Ray- 
naud’s syndrome, in one case combined with poly- 
arthritic symptoms. The disease in both cases there- 
after assumed the course of grave diffuse sclero- 
derma. In one case there was, simultaneously, the 
picture of dermatomyositis. The course of the dis- 
sase was febrile and rapidly progressive. During the 
latter months of observation Pyococcus aureus haemo- 
lyticus was found in the blood. 

In the first case the pathologic-anatomic finding 
was of an embolizing, atypical, verrucous endo- 
carditis with pericarditis, fibrinoid degeneration and 
necrosis of the lobular arteries and arterioles of the 
kidneys, chronic glomerulo-nephrosis, and chronic: 
interstitial pneumonia. In the second case multiple 
parietal thrombi were found in both cardiac cham- 
bers, with secondary anemic renal infarcts, peri- 
carditis and pleuritis, and focal fibrosis of the skeletal 
muscles and the myocardium. 

AUTHORS 


Larrabee, W. F., Parker, R. L., and Edwards, J. E.: 
Pathology of Intrapulmonary Arteries and Ar- 
terioles in Mitral Stenosis. Proc. Staff Meet., 
Mayo Clin., 24: 316 (June), 1949. 

This study was undertaken primarily to determine 
the state of the pulmonary vessels in 20 selected 
vases of mitral stenosis. Of these, 15 cases showed a 
significant quantitative reduction in calibre of the 
pulmonary arterioles. In 10 of these 15 cases, medial 
hypertrophy and intimal fibrosis of the pulmonary 
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arteries and arterioles were present. In the other 5 
cases, medial hypertrophy was the essential change 
in the smaller intrapulmonary arteries and arterioles. 

It is felt that patients with either intimal fibrosis 
or medial scarring of the smaller pulmonary vessels 
would not be expected to benefit from an operation 
that would restore essentially normal function to the 
mitral valve. Contrariwise, in those cases in which 
the occlusive pulmonary vascular lesions are those 
of medial hypertrophy, the patient might be ex- 
pected to benefit from such an operation. With re- 
moval of the barrier caused by mitral stenosis it is 
expected that the engorgement of the pulmonary 
capillaries and edema of the alveolar walls would 
likely disappear or be reduced in degree. However, 
no such beneficial effect would be expected in the 
other two changes of the alveolar membrane; namely, 
thickening of the basement membrane and thicken- 
ing of the alveolar epithelium. It seems that the 
two latter changes, if present, would persist  re- 
gardless of any successful operative procedure. Such 
a situation might result in continued dyspnea even 
after essentially normal function had been restcred 
to the pulmonary circulation and strain on the 
right portion of the heart had been reduced. 

In general, from pathologic evidence, it seems 
justifiable to state that although little or no benefit 
could be anticipated from an ideal operation on the 
mitral valve in certain cases of mitral stenosis, in 
certain other cases, even though structural changes 
were present in the lungs, enough benefit might be 
anticipated so that continued attempts to develop 
such an operation aimed at relieving mitral stenosis 
and restoring essentially normal valvular function 
seem justifiable. 

SIMON 


Altshuler, C. H., and Angevine, D. M.: Histo- 
chemical Studies on the Pathogenesis of Fibrinoid. 
Am. J. Path. 25: 1061, (Sept.), 1949. 

The authors discuss the significance of fibrinoid 
degeneration of the connective tissue and report the 
results of their histochemical study of material 
derived from cases of rheumatic fever, rheumatoid 
arthritis, disseminated lupus erythematosus, sclero- 
derma, and other disease states featured by fibrinoid. 

Fibrinoid, regardless of the etiologic factor, 
originated in the ground substance of connective 
tissue. It was closely associated with metachromasia 
and the presence of mucinous edema, all of these 
changes being noted in and around the Aschoff 
nodule and also in the nodules of rheumatoid ar- 
thritis. Metachromasia was apparently held in check 
in the early lesions of rheumatic fever by the action 
of the enzyme hyaluronidase. The older lesions 
were more resistant. This temporal relationship 
was also noted in rheumatoid arthritis and dis- 
seminated lupus. The authors note that fibrinoid 
contained considerable quantities of the amino acid, 
arginine. They state that the mucinous edema (of 


Talalajew) was associated with an increase in acid 
mucopolysaccharides; that the latter was precipi 
tated from the ground substance of the connectiv: 
tissue, forming or constituting “‘fibrinoid’’; and that 
the precipitant was probably an alkaline protei: 
substance, such as arginine, derived from necrosi: 
of tissue. 
GOULEY 


RHEUMATIC FEVER 


Fischel, E. E., and Pauli, R. H.: Serological Studies 
In Rheumatic Fever. J. Exper. Med., 89: 66') 
(June), 1949. 

The authors report their attempt to repeat an 
extend previous investigations indicating the exist 
ence of allergic mechanisms in rheumatic feve 
A substance called a ‘‘precipitinogen” had_ bee 
reported previously in the serum of a rheumat 
subject, following a sore throat, which precipitate:| 
when mixed with the serum taken during the sul)- 
sequent rheumatic attack. This reaction has been 
called the ‘“‘phase reaction” because the reaction 
occurred when serum obtained during Phase I or II 
(the sore throat and the latent period) was mixed 
with serum from Phase III (the period of rheumatic 
activity). It has been suggested that this precipi 
tinogen might represent a secondary antigen derived 
from a combination of streptococcal products and 
human tissue constituents. Although the phenom- 
enon did not necessarily represent an antigen 
antibody reaction, it appeared to be one, and one 
intimately associated with the occurrence of rheu 
matic fever. 

Studying 18 active rheumatic patients for long 
periods of time, the authors obtained negative, 
irregularly positive, and uniformly positive precipi 
tin reactions. Positive precipitin tests were obtained 
with any combination of serum samples irrespective 
of their relationship to the phase of the disease. 
Many of the positively precipitating sera also showed 
positive reactions when mixed with control nonrheu- 
matic sera. It is suggested that the “‘phase reaction” 
appears to be an inconstant phenomenon probably 
related to a colloidal abnormality of the serum, 
rather than to a specific antigen-antibody system. 

In another series of experiments, using a comple- 
ment fixation or collodion particle technic, no specific 
autoantibodies to human tissue extracts were demon 
strable. The occurrence in rheumatic sera of agglu 
tinins to collodion particles coated with a heart 
tissue extract was observed infrequently as com 
pared with reactions to particles coated with extracts 
of other tissues. In addition, sera from syphiliti 
patients appeared to contain the agglutinins mor 
frequently than did rheumatic sera. The possibilit 
should be considered that autoantibodies are perha; 
not specific for rheumatic fever but may be a ty) 





ABSTRACTS 471 


of reaction similar to a biologically false positive 
W:ssermann reaction. 
SCHWARTZ 


Murphy, G. E., and Swift, H. F.: Induction of 
Cardiac Lesions, Closely Resembling Those Of 
Rheumatic Fever, in Rabbit Following Repeated 
Skin Infections With Group A Streptococci. J. 
I xper. Med., 89: 687 (June), 1949. 

( ardiae lesions in rabbits, closely resembling those 
found in rheumatie fever, are described by the 
aut} ors. After sustaining two to ten infections with 
streptococci of different serological types of Group 
A streptococci within three to twenty months, some 
rablits sickened. Many recovered and a portion were 
sacrificed within ten to fourteen days following their 
last infection while exhibiting definite symptoms, 
leucocytosis, and elevated erythrocyte sedimentation 
rates. In several rabbits a severe illness developed 
following the last streptococcal infection and termi- 
nated fatally. Microscopie examination of the hearts 
of the successively infected rabbits which had sick- 
ened and succumbed, and of those sacrificed while 
sick, revealed focal alterations in the connective 
tissue framework in blood vessel adventitia, valves, 
mural endocardium, epicardium, and in the myo- 
cardial interstitium. Cardiae granulomata, which, 
inmany respects, showed a histopathology strikingly 
similar to that of human rheumatic fever, were 
noted. Comparable lesions were not found in control 
rabbits. 

In certain respects this experimental procedure 
of using multiple, successive infections with Group 
A streptococci follows the pattern encountered in 
rheumatie fever patients who have successive infec- 
tions with different types of Group A streptococci. 
The carditis developed following infections with the 
sume microorganisms that have been proven to 
occur in the infections that precede attacks of 
rheumatic fever in man. Among the random samples 
of rabbits subjected to the described experimental 
procedure, only a small portion developed these 
eardiae lesions. Similarly, only a small proportion 
of human subjects usually develop rheumatic heart 
disease. The authors feel it is justifiable to assume 
that similar host-streptococcus relationships may be 
operative and requisite in the pathogenesis of these 
eurdine lesions in rabbits and rheumatic carditis in 
Man. 


SCHWARTZ 
PHARMACOLOGY 


Jequier, R., and Plotka C.: The Synergistic Action 
of Oestradiol and Progesteron upon the Isolated 
Turtle Heart. Compt. rend. Soc. de biol. 148: 
76) (June), 1949. 

Ov stradiol or progesteron, if acting alone, have 
no or only a slight effect on the isolated turtle 
hear’. If acting simultaneously, however, they exert 


an effect similar to that of testosterone: a positive 
inotropic effect, a marked antagonism against acetyl 
choline, and inhibition of alternans produced by 
potassium. Thus, the combined action of these two 
hormones, indispensable to the functioning of the 
sexual organs, may also have an effect upon other 
organs, particularly the heart. 
Pick 


Binet, L., and Burstein, M.: The Passage into the 
Circulation of a Vasodilatating Substance in the 
Course of Shock Produced in the Dog by Poly- 
vinylpyrrolidone. Compt. rend. Soc. de biol. 143: 
SOS (June) ,1949. 

Polyvinylpyrrolidone applied intravenously to the 
dog produces hypotension within the carotid artery 
and peripheral vasodilatation in a limb, even if its 
connections with the central nervous system are 
sectioned. This suggests the presence of a hormonal 
factor producing vasodilation; the nature of the 
hormonal factor remains to be determined. 

PIck 


Walton, Robert P., and Brodie, Oliver J.: Cardio- 
vascular Effects of Two Aliphatic Amines and of 
Ephedrine. I. J. Pharmacol. & Exper. Therap. Part 
96: 343 (Aug.), 1949. 

Two aliphatic amines, Aranthol (2-methylamino-6 
hydroxy-6-methyl haptane) and Octin (6-methyl- 
amino-2 methyl-2-heptene) were studied by the au- 
thors and their cardiovascular effects compared with 
those of ephedrine. The purpose of the study was to 
attempt to find a drug capable of stimulating the 
myocardium which could be used in place of ephed- 
rine in such conditions as orthostatic hypotension, 
hypotension following spinal anesthesia, and in spe- 
cial circumstances of sudden cardiac failure and 
arrest as is seen with general anesthesia. 

The properties of Octin proved to be closely 
parallel to those of ephedrine but the drug appeared 
to have no distinctive value over ephedrine. 
Aranthol, on the other hand, when given in doses 
five and ten times gfeater than those producing com- 
parable effects with ephedrine, showed some 
properties in animal experiments which seemed ad- 
vantageous. 

Aranthol increased contractility and also arterial 
pressure in the intact anesthetized dog in a fashion 
comparable to ephedrine. However, its margin of 
safety as measured by the difference between a stimu- 
lating dose and a dose large enough to depress the 
myocardium was tremendously greater than that of 
ephedrine. Its action when given subcutaneously 
could be prolonged by repeated dosage for 4 hours, 
and after the heart became refractory, further in- 
jections did not produce profound myocardial de- 
pression as occurred when ephedrine and Octin were 
given repeatedly. (The relative lack of myocardial 
depression after repeated dosage was confirmed in 
isolated rabbit heart preparations.) In the unanes- 
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thetized animal premature beats and_ irregular 

rhythms were produced. Seven patients received in- 

jections of Aranthol without any adverse effects. 
GODFREY 


Mueller-Deham, A.: The Use of Digitalis in the 

Aged. Geriatrics 4: 303 (Sept.—Oct.), 1949. 

In using digitalis in the aged, the outstanding 
considerations are: proper dosage, avoidance of side 
effects, and choice of the preparation. Three trends 
are open to question: the tendency to schematize 
the therapeutic dosage; its use for quick, full digi- 
talization; and the modern preference for digitoxin. 
Individualization of dosage is necessary because the 
reaction and sensitivity of the abnormal heart to 
digitalis varies widely. Also, digitalis decreases the 
blood flow in healthy individuals and in some pa- 
tients with heart disease. With quick and_ full 
digitalization, the possibility of severe, even danger- 
ous, side effects is considerable. Digitoxin has the 
advantages of simple application, chemical purity 
and speedy effect, but it is the most toxic digitalis 
preparation. 

Most authorities keep to the rule that during 
myocardial infarction due to coronary disease digi- 
talis is in place only if congestive failure develops. 
However, when all the usual methods have been 
applied, and the patient, nevertheless, lies in im- 
mediate danger of death, an intravenous injection 
of one-fourth or one-fifth mg. of strophantin can 
be tried and eventually repeated. The author also 
states that a trial with cautious digitalization is 
justified whenever a diseased heart does not work 
optimally. 

BELLET 


Levitan, B. A., and Scott, H. J.: Effect of Antihis- 
taminics on Arrhythmias following Coronary Ar- 
tery Ligation. Canad. M.A.J. 61: 306 (Sept.) 
1949. 

The antihistamine drugs, Pyribenzamine and Ben- 
adryl, were tested for their ability to inhibit the 
development of arrhythmias following coronary ar- 
tery ligation. Dogs were anesthetized with sodium 
pentobarbital and a tracheal catheter was inserted. 
The circumflex branch of the left coronary artery 
was dissected free and looped at its origin. In Ex- 
periment A, the loop was tightened as soon as the 
corneal reflex returned and the chest was then 
sewed up with lungs inflated. In Experiment B, 
after the circumflex artery was loosely looped at its 
origin, the free ends of the ligature were led out of 
the chest at the ends of the incision and the chest 
was closed. On the day following the operation, 
the loop was tightened by traction on the free ends 
of the ligature. 

Seven dogs in Experiment A served as controls 
and all succumbed after ligation of the circumflex 
artery. Electrocardiograms taken on three just be- 
fore death showed ventricular fibrillation. After 7 
dogs were given Benadryl intravenously in doses of 


2 to 7 mg. per kilogram, the ligature about the cir- 
cumflex artery was tightened. Only one dog survived, 
In 3 other dogs that received larger amounts of 
Benadryl, ventricular fibrillation occurred within 
ten minutes following ligation of the circumflex 
artery. 

In Experiment B, 12 dogs were given 3 to 5 ing. 
per kilogram of Pyribenzamine on the day following 
the placing of the loose cireumflex loop. The tree 
ends of the loop were then pulled taut. Within 
twenty-four hours, 66 per cent died. 

The authors concluded that although Pyribenz- 
amine and Benadryl were unable to alter the nior- 
tality rates, they were able to a limited extent to 
suppress the appearance of ventricular extra-ys- 
toles. 

Bru 


Levitan, B. A., and Scott, H. J.: Inhibition of 
Chloroform-Adrenaline Fibrillation by Antihis- 
taminics. Canad. M.A.J. 61: 303 (Sept.), 1949 
The authors endeavored to determine the possible 

antifibrillary activity of antihistaminics, since the 

feasibility of administering them by mouth might 
afford a wider clinical application than is possible 
with procaine. Dogs were anesthetized with sodium 
pentobarbitel; a tracheal cannula was inserted and 
to this, a perforated tube was attached. Chloroform 
was administered for six-minute periods in a concen- 
tration which caused only a slight drop in’ blood 
pressure. After five minutes of chloroform, adren- 
aline, 0.02 mg. per kilogram, was injected intrave- 
nously as rapidly as possible. This procedure induced 
ventricular fibrillation. The antihistaminies Pyri- 
benzamine or Antistine were given intravenously 
prior to, or in the same syringe as the adrenaline. 

The volume of the adrenaline solution varied from 

1 to 5 ce. from animal to animal. 

Four dogs used as controls all rapidly fibrillated 
following the injection of adrenaline. Pyribenzamine 
and Antistine when given simultaneously with adren- 
aline prevented the occurrence of ventricular fibrilla- 
tion. This protection was inconstant and the effect 
of single doses usually lasted less than fifteen min- 
utes. 

The authors conclude that since procaine in doses 
of 5 mg. per kilogram has been reported to prevent 
chloroform-adrenaline fibrillation, with the effect 
lasting over an hour, it is apparent that the anti- 
fibrillary action of Pyribenzamine and Antistine 's 
inferior to that of procaine. This suggests that the 
antifibrillary action of procaine is referable to some 
property in addition to the direct suppression of 
irritable foci in the myocardium. Since procaine 
blocks transmission across the superior cervical syi- 
pathetic ganglion of the cat, it is possible that p:rt 
of the antifibrillary action of procaine resides in 
this ability to functionally interrupt the sym))- 
thetic pathway to the heart. 

BELLE! 
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Blum, L., and Schneierson, S. S.: Intra-arterial 
Administration of Penicillin with Special Refer- 
ence to Bone Marrow Concentration. Surgery, 
59: 176 (July), 1949. 

Through the use of penicillin assays of bone 
m:rrow, the authors attempted to evaluate the 
eflicacy of intra-arterial injection of this drug as 
compared with the intravenous and intramuscular 
routes. There was no consistent difference between 
the level of penicillin in the bone marrow after 
intravenous administration and the penicillin level 
after intra-arterial administration. However, a prim- 
ing intravenous injection followed by a booster 
intra-arterial dose produced a considerably greater 
level of penicillin than that obtained after a single 
injection of the same total amount irrespective of 
the route of administration. Such an observation 
may have clinical significance with regard to infec- 
tious processes in bones. 

ABRAMSON 


Stutzman, J. W., and Pettinga, F. L.: Mechanism 
of Cardiac Arrhythmias during Cyclopropane An- 
esthesia. Anesthesiology 10: 374 (July), 1949. 

In attempting to study experimentally the mech- 
anism of cardiae arrhythmias produced by cyelo- 
propane, the authors induced anesthesia in thirty- 
four normal unpremedicated cats with a mixture of 
cyclopropane and oxygen. Thirty minutes of this 
routine constituted a control experiment. The ab- 
normal rhythms which began within a few minutes 
after induction consisted of ventricular premature 
contractions, ventricular rhythms with occasional 
supraventricular beats, bigeminal rhythm, and mul- 
tiple-focus ventricular tachycardia at rates in excess 
of 250 per minute. As soon as a record of cardiac 
irregularities was obtained, partial abdominal evis- 
ceration, partial abdominal denervation, or bilateral 
adrenaleetomy was performed. In a number of 
animals the abdominal viscera were subjected to 
traumatic manipulations. Since this did not abolish 
the arrhythmias, nonspecific trauma was ruled out 
as the cause of reversion to normal rhythm. Partial 
abdominal evisceration abolished the ventricular 
arrhythmias in five of seven cats. Bilateral adrenalec- 
tomy caused reversion to normal rhythm in one of 
the remaining two, and bilateral section of the 
sympathetic chain and splanchnicectomy at the 
tent]: thoracic segment restored normal rhythm in 
the other. 

On the basis of this work and that of Allen et al., 
it i: concluded that cyclopropane increases the 
irrit bility of the cat’s heart reflexly; afferent im- 
pulses from the mesentery or intestine are carried 
by fibers traveling with the splanchnic nerves; 
effe:ent impulses pass to the heart by way of the 
carciae sympathetics; and endogenous epinephrine 
is necessary and adequate for the elicitation of spon- 
tancous arrhythmias under these conditions. 

BELLET 


Tamura, K., Kobayashi, Y., and Tokita, K.: A New 
Active Principle of Digitalis Purpurea and Lanata. 
Japan. M. J. 1: 206 (June), 1948. 

The present investigation was undertaken to 
ascertain the relationship between the cardiotonic 
activity and the toxicity of digitalis leaves. As a 
result of experiments on digitalis purpurea and 
lanata, the authors assume that in digitalis leaves 
there exist at least two substances which act on 
cardiac function, one having genuine cardiotonic 
action with low toxicity but extremely unstable, 
and the other a less active but more toxie action. 
There exists no strict parallelism between the two 
aspects of digitalis action. The cardiotonie potency 
of digitalis cannot be predicted solely from the 
results of toxicity tests, even though almost all 
methods of digitalis assay adopted at present by 
practically all pharmacopoeias of the world are only 
toxicity tests. On the basis of the divergence between 
the cardiotonic efficacy and toxicity, it is clear that 
the glycosides so far isolated are not the constituents 
that are responsible for the specific cardiotonic aec- 
tion but rather the toxic principles of the natural 
leaves. The authors were thus led to consider that 
an unknown substance exists in the leaves to which 
the specific improving effect upon blood circulation 
should be attributed. 

Twenty Kg. of powdered leaves of digitalis pur- 
purea were extracted with alcohol or ethylacetate 
and washed thoroughly with dried ether. The result- 
ing substance was a brown powder, the yield being 
about 150 Gm. This new active glycoside named 
digicorin has low toxicity; high potency in exhibit- 
ing the cardiotonic action accompanied by a rise 
in the blood-pressure, in causing a distinct increase 
in the absolute force of the cardiac ventricle and in 
the minute-volume of the isolated frog heart; and 
a diuretic effect which is brought about with doses 
smaller than those necessary for the cardiotonic 
action. 

BELLET 


PHYSICAL SIGNS 


Vesell, H.: Tricuspid Stenosis—A Simple Diagnos- 

tic Sign. Am. J. Med. 7: 497 (Oct.), 1949. 

The author describes a clinical sign which is simple 
to elicit and is indicative, if not pathognomonic, of 
tricuspid stenosis. In a case demonstrated at ne- 
cropsy to have had tricuspid stenosis, a marked 
presystolic impulse was felt over the right jugular 
vein just above the clavicle and over the sterno- 
cleidomastoid muscle. This was of great force and 
was easily timed by comparison with the systolic 
aortic impulse in the episternal notch palpated by 
the index finger of the other hand. The strong 
presystolic venous impulse over the jugular vein 
was considered to be caused by the contraction of 
the hypertrophied right atrium. This impulse was 
readily transmitted to the neck because of the ob- 
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struction at the stenotic tricuspid orifice aided by the 
increased venous pressure and distention. 
SCHWARTZ 


Cowen, E. D. H., and Parnum, D. H.: The Phono- 
cardiography of Heart Murmurs. Part I. Apparatus 
and Technique. Brit. Heart J. 11: 356 (Oct.), 
1949. 

Because the standard instrument for phonocardi- 
ography was incapable of recording the majority of 
relatively high pitched systolic and diastolic mur- 
murs, a new apparatus was constructed. The appara- 
tus consists of a crystal microphone, a two-stage 
valve amplifier, and a Cambridge double-string 
Einthoven galvanometer. One fiber of this galva- 
nometer is used for the electrocardiogram in the 
normal way; the other, which is used for the phono- 
cardiogram, is tightened to its full extent in order to 
raise its high-frequency response. In this condition 
its sensitivity is about 1 mv./mm. 

SOLOFF 


Cowan, E. D. H.: The Phonocardiography of Heart 
Murmurs. Part II. Clinical Results and Discus- 
sion. Brit. Heart J. 11: 360 (Oct.), 1949. 

With the new instrument, the author tested the 
ability of phonocardiography (1) to distinguish an 
organic from an innocent systolic apical murmur in 
57 eases of known congenital or valvular heart 
disease with systolic murmurs and twenty-seven 
cases with systolic murmurs without other evidence 
of disease; (2) to detect a presystolic murmur in 30 
patients with mitral stenosis in whom only a systolic 
murmur was audible clinically; (3) to distinguish 
rheumatic from syphilitic aortic regurgitation in 11 
cases of rheumatic origin, 5 of syphilitic and 5 of 
unknown etiology; (4) to detect aortic diastolic 
murmurs in hypertension when none was audible. 
Contrary to the experience of Evans, the phonocar- 
diogram failed in all four attempts. The author 
believes that Evans’ results are incorrect because 
his instrument was not satisfactory and because 
he used the electrocardiogram for timing. There is 
no strict correlation between electrical and me- 
chanical events of the cardiac cycle. 

SOLOFF 


PHYSIOLOGY 


Kottke, F. J., Koza, D. W., and Kubicek, W. G.: 
Studies of Deep Circulatory Response to Short 
Wave Diathermy and Microwave Diathermy in 
Man. Arch. Phys. Med. 30: 431 (July), 1949. 
Seven experiments were conducted on young adult 

male subjects to compare the effects on renal cir- 

culation of heating with microwave diathermy with 
those observed when heating with short wave dia- 
thermy. The blood flow in the kidney was measured 
by clearance technic. Renal plasma flow and glo- 
merular filtration were determined before, during, and 


after diathermy. The initial control plasma flow jn 
all cases was in the normal range. 

Circulatory adjustment during diathermy heatiny 
resulted in a decrease of renal plasma flow of 15 
to 33 per cent. The filtration fraction showed 1 
increase. There were no consistent changes in bloo:| 
pressure. The effect on renal circulation with use «of 
the Raytheon Microtherm was similar to that o}- 
tained with short wave diathermy. After heatiny 
was discontinued, the renal circulation slowly i) - 
creased toward the initial level. 

The authors state that this effect is not influenced 
by the location of the application of heat. Locul 
intense heating in a circumscribed area of the surfa:e 
of the body causes local vasodilation and increas:s 
local circulation. On the other hand, when larze 
amounts of heat are applied to the body, cutaneoiis 
vasodilation occurs. The pulse rate and cardiac out- 
put increase and vasoconstriction occurs in tie 

vascular beds not concerned with heat loss, such 
as the splanchnic and renal beds. Diathermy pro- 
duces the latter type of effect (cutaneous vasodil:- 
tion, ete.), initiating mechanisms to maintain in- 
ternal hemostasis and resulting in vasomotor changes 
which cause vasoconstriction in the same area and 
which overshadow the vascular changes that  in- 
crease circulation to the heated area. 
BELLE? 


SURGERY IN HEART AND IN 
VASCULAR SYSTEM 


Johnson, J., and Kirby, C. K.: An Experimental 
Study of Cardiac Massage. Surgery 26: 472 
(Sept.), 1949. 

Using the bubble meter to measure the blood flow 
through the thoracic aorta in dogs, the authors 
attempted to determine the rate of manual cardiac 
compression which would artificially maintain an 
efficient circulation. 

It was found that up to a rate of 120 per minute, 
the rate of flow appeared to increase progressively 
as the rate of compression was increased. However, 
after fifteen or twenty minutes of cardiac massage, 
the blood flow in the thoracic aorta and carotid 
artery decreased significantly in most experiments. 
This followed a reduced venous return due to a 
diminished circulating blood volume. 

The most effective technic of holding the heart 
for the purpose of cardiac massage appeared to be 
compression between one or more digits in fron‘ 
and one or more digits behind the heart. To main 
tain an adequate blood volume, the rapid intra 
venous administration of blood or physiologic salin: 
solution was found to be of value. Furthermore 
cerebral blood flow could be enhanced by applyin 
a non-crushing clamp intermittently to the thoraci 
aorta during the period of cardiac resuscitation. 

ABRAMSON 
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Miller, G. G., and Ripstein, C. B.: Resuscitation of 
the Surgical Patient. Canad. M.AJ. 61: 255 
(sspt.), 1949. 

Tie authors state that the causes of sudden 
colls »se in the operating room fall into three groups. 
The.» are sudden decrease in the circulating blood 
yoluine, cardiac arrest, and respiratory failure. This 
pape presents a plan of action for dealing with such 
emeizencies. The vital factors are maintenance of 
oxygenation by artificial respiration, restoration of 
eardiie action, and restoration of the blood volume. 

T. produce artificial respiration, an intratracheal 
tube is passed to establish a clear respiratory pas- 
sage, and then inflation and deflation of the lungs 
is accomplished by mechanical means. 

To restore the heart beat in cardiae standstill, 
one must stimulate the myocardium with adrenalin 
and cardiae massage. Heparin is of value in prevent- 
ing thrombosis and keeping the blood fluid, and the 
tilt table has proved to be an effective method of 
aiding circulation. If adrenalin is used, the dose 
should not exceed 1 ec. of the 1:1000 solution and 
should be given into the right auricle. When ven- 
tricular fibrillation occurs, the first requisite is car- 
diac massage and artificial respiration to maintain 
an adequate circulation of oxygenated blood. The 
next step is the restoration of a coordinated heart 
heat. Procaine hydrochloride in a dosage of 5 to 
10 ee. of a 1 per cent solution should be given intra- 
venously or directly into the right auricle. In most 
instances, a second dose is necessary and must be 
followed: by electrical stimulation. 

To restore blood volume in massive hemorrhage 
with depletion of the circulating blood volume, the 
use of intra-arterial transfusion is advocated. Blood 
is introduced into the arterial tree in a central direc- 
tion and thus the blood volume is quickly restored. 
Oxygenated blood is transfused into the radial 
artery under pressure at a rate of 150 to 200 ec. per 
minute 

BELLET 


Lowenberg, R. I., and Shumacker, H. B., Jr.: 
Experimental Studies in Vascular Repair. II. 
Strength of Arteries Repaired by End to End 
Suture, with Some Notes on Growth of Anas- 
tomosis in Young Animals. Arch. Surg. 59: 74 
(July), 1949. 

In sn attempt to determine the strength of a 
suture’ artery and the increase in circumference of 


the line of anastomosis during the period of body 
growt!, the authors carried out a series of experi- 


ments in dogs, consisting of division and subsequent 
end t: end suture of common carotid arteries. 

It .as found that the force necessary to break 
the r-vently sutured artery by direct pull was not 
great. but nevertheless such a vessel .could with- 
stand without leaking, intraluminal pressure far 
In ex ess of systolic blood pressure. The cireumfer- 
ence. the artery at the line of anastomosis increased 


in size in the growing animal at a rate comparable 
to that observed in the unsutured portion of the 
vessel. 


ABRAMSON 


Pierce, E. C., II., Rheinlander, H. F., Moritz, A. R., 
Gross, R. E., and Merrill, K., Jr.: Transplanta- 
tion of Aortic Segments Fixed in 4 Per Cent 
Neutral Formalin. Report of Experiments in Dogs. 
Am. J. Surg., 78: 314 (Sept.), 1949. 

The purpose of this study was to determine 
whether or not live tissue was necessary for estab- 
lishment of satisfactory aortic grafts. Arterial seg- 
ments preserved in 4 per cent neutral formalin 
were used in ten dogs for abdominal aortic grafts. 
There were no operative deaths in this series. 
Vascular channels of satisfactory size resulted in all 
experiments. There was one instance of suture disrup- 
tion (secondary to infection). Dogs were kept as 
long as nine months after implantation of such 
aortic grafts. The grafts showed no tendency to 
dilate even under the stress of forced vigorous 
exercise. The most disturbing change that was 
observed in these grafts was degeneration of the 
media (fragmentation of elastica and calcification). 
The formalinized segment appeared to act as a 
framework, along which a new intima and adventia 
were laid down by the host. 

The same type of preserved aortic segments were 
used to enter and join with the ventricle in sixty 
instances in the production of extracardiac shunts 
in dogs; 45 of these survived operation and were 
observed for short periods of time. There was no 
instance of thrombosis originating in the formal- 
inized segment, nor was there any rupture or cal- 
cification in this series. In animals observed for 
sufficiently long periods of time firm union could 
always be demonstrated between the formalinized 
vessel and the ventricular wall. 

On the basis of these preliminary experiments, 
it is believed that it may be possible to keep forma- 
linized human aortic segments and use them in 
human subjects if,cireumstances demand the im- 
mediate bridging of an aortic gap and fresh tissue 
one is not available. 

BEckK 


THROM BOEMBOLIC PHENOMENA 


Robinson, L. S.: The Collateral Circulation Follow- 
ing Ligation of the Inferior Vena Cava. Surgery 
25: 329 (Mar.), 1949. 

In view of the recent trend to ligate the inferior 
vena cava below the renal veins for the treatment 
of deep venous thrombosis in the lower extremities, 
the author studied the collateral circulation that 
follows such a procedure. On the basis of an injection 
technic in stillborn infants, he found that seven 
groups of veins, which intercommunicate either 
directly or indirectly, are concerned with the estab- 
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lishment of the collateral circulation following liga- 
tion of the inferior vena cava. These are the verte- 
bral plexus of veins; veins of the thoracic wall; 
veins of the neck; veins of the walls of the abdomen 
and pelvis; veins of the viscera of the abdomen and 
pelvis, including the portal system; veins of the 
thoracic viscera; and veins of the subcutaneous tissue 
of the abdomen and pelvis. The vertebral, azygos 
and portal system of veins are considered the most 
important routes. 

It is concluded that with the inferior vena cava 
occluded, these collateral channels are more than 
adequate to return effectively the blood from the 
lower portion. of the body to the heart without 
noticeable changes in the circulation. 

ABRAMSON 


Warren, R., White, E. A., and Belcher C. D.: 
Venous Pressures in the Saphenous System in 
Normal, Varicose, and Postphlebitic Extremities. 
Surgery 26: 435 (Sept.), 1949. 

Through direct canulization of one of the saphe- 
nous veins of the calf, the authors attempted to de- 
termine the changes in venous pressure produced by 
walking in a group of normal subjects, as compared 
with patients with varicosities or postphlebitic stasis. 
They found that the subject with a normal extremity 
could lower the pressure in the saphenous vein by 
walking; the one with varicosities could do this 
only half as well; while the patient with postphle- 
bitic stasis was unable to reduce it at all. Occlusion of 
the saphenous vein resulted in a normal or even 
better than normal response in the case of the 
subject with uncomplicated saphenous varices, but 
this procedure did not affect the change observed in 
the postphlebitic limb. Superficial femoral vein liga- 
tion, when employed as a therapeutic procedure in 
the latter group, appeared to produce little improve- 
ment in venous function, as measured by the venous 
pressure determinations. 

On -the basis of their studies, the authors con- 
clude that ligation of incompetent deep veins which 
have previously been damaged by disease does not 
particularly improve the existing condition. Fur- 
thermore, in many postphlebitic extremities, the 
saphenous veins, although prominent and slightly 

varicose, may serve a useful, though incomplete 
function. The test appears to give more accurate 
information with regard to the function of the deep 
system than tests which are dependent on visual or 
tactile estimations of venous filling. 

ABRAMSON 


Cook, A. W., and Lyons, H. A.: Venous Thrombo- 
embolic Phenomena. Their Absence in Paraplegic 
and Tetraplegic Patients. Am. J. M. Sc. 218: 
155 (Aug.), 1949. 

In view of the fact that prolonged bed rest has 
been considered as an etiologic factor in the produc- 
tion of thromboembolic phenomena, the authors 








considered it of interest to study the incidence of 
such conditions in a group of patients whose ex- 
tremities had not been moved for a long period of 
time because of injury to the spinal cord. 

Although the patients in the group were subjec’ed 
to relatively frequent surgical procedures, and al- 
though their lower extremities were almost. ¢:\n- 
stantly being exposed to the pressure of a bed o» a 
wheel chair, none of them died from a pulmon:ry 
embolism. 

The authors believe that the young average ige 
of the patients in the series accounted for ‘he 
absence of thromboembolic phenomena. In an at- 
tempt to explain this, they suggest that the b isis 
for the influence of advancing age on the incidence: of 
intravascular clotting may be, in part, the conco:i- 
tant decrease in the human source of heparin, the 
mast cells. 
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Croom, J. H., and Scott, G. I.: Retinal and Vascular 
Damage in Long-standing Diabetes. Lancet 1: 
555 (Apr. 2), 1949. 

Sixty patients with long-standing diabetes (an 
average duration of eighteen and seven tenths yexrs) 
were studied with regard to the changes in the retina. 
Of this number, 15 showed no evidence of degenera- 
tive disease, and in these no evidence of diabetic 
retinopathy or of arteriosclerotic change in the 
retinal vessels was present. Changes typical of <lia- 
betic retinopathy were noted in approximately one- 
third of the group. These consisted of characteristic 
hemorrhages or exudates and microscopic an- 
eurysms. The hemorrhages were generally deeply 
situated, small, and roughly circular. The exudates 
were white and well defined and tended to be 
located nearer the macula than were the hemor- 
rhages. Engorgement of the retinal veins was usually 
present but this was not pronounced. Arterioscle- 
rotic changes in the vessels were minimal or absent. 

The authors conclude that vascular and retinal 
complications are not inevitable in diabetes and 
that the retinopathy can develop in the absence of 
hypertension and general arteriosclerosis. Further- 
more, there is no correlation between the severity of 
the diabetes or the control of the diabetic state and 
the development of cardiovascular complications. 

ABRAMSON 























Duff, G. L. and McMillan, G. C.: The Effect of 
Alloxan Diabetes on Experimental Cholestero! 
Atherosclerosis in the Rabbit. J. Exper. Me 
89: 611 (June), 1949. 

Cholesterol feeding in normal rabbits induc 
hypercholesterolemia of comparable degree to thi! 
produced by such feeding in rabbits rendered ( 
betic by alloxan. However, the atherosclerosis of t'.« 
aorta in the diabetic animals was much less seve'e 
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that in the normal rabbits. In addition there 


tha 
was an inhibition of the deposition of lipid sub- 


stan es in the liver, spleen, and adrenal glands of 
the « ‘abetic rabbits. There was no gross or histologi- 
eal «vidence of a morphological basis for this in- 
hibit ry effect. The only factors consistently as- 
soci. ed) =with the inhibition of the expected 
mor} .ologie effects of cholesterol feeding were the 
diab ie state and a degree of visible lipemia defi- 
nitel’ greater than that seen in the controls. 


The effect of alloxan diabetes on the retrogression 
of atlerosclerotic lesions was studied in another 
series of experiments. There was no effect on retro- 
gression Within periods up to four months after the 
cessation of cholesterol feeding. 

The authors conclude that the observed inhibitory 
effect depends upon an undetermined factor or 
factors connected with the diabetic state and that 
hypercholesterolemia is not the sole factor con- 
cerned in the development of experimental choles- 
terol atherosclerosis. The experiments indicate that 
the process of deposition of lipids in the arterial 
walls is influenced by factors different from those 
that are operative in the process of removal of lipids 
after they have been deposited. The inhibition of 
the development of experimental cholesterol athero- 
sclerosis in alloxan diabetic rabbits depends on 
interference with the deposition of lipids and not 
on removal of lipids as fast as they are deposited. 

SCHWARTZ 


McMaster, P. D., and Kruse, H.: Peripheral Vas- 
cular Reactions in Anaphylaxis of the Mouse. 
J. Exper. Med. 89: 583 (June), 1949. 

The authors describe pronounced vascular changes 
occurring in the ears and claws of mice during ana- 
phylactic shock. When a foreign serum enters the 
hlood stream of sensitized animals marked local or 
generalized constriction of both arterial and venous 
vessels is noted almost at once. Although vascular 
spasm usually occurs simultaneously in both arteries 
and veins, it may appear first in the arteries or 
occasionally in the veins. The capillaries show no 
active constriction or dilatation but follow pas- 
sively the changes in the larger vessels. The vascular 
changes, often not clearly seen grossly but quite 
evident under a low power of the microscope, appear 
not only in animals showing anaphylactic shock but 
also in any which present no other apparent signs 
of anaphylaxis. The vascular changes seem to con- 
stitute 1 sign of anaphylactic sensitivity far more 
delicat than the production of anaphylactic shock 
itself. 

Peripheral vascular spasm occurs while carotid 
blood pressure is high. When the ear vessels begin 
to relix a few minutes later the carotid pressure 
remai's high, but shortly thereafter there is a drop 
in bl od pressure far below normal and the vessels 
rema : open. 

V:-cular spasm does not occur in an ear if its 
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circulation is obstructed during the production of 
anaphylactic shock. If the obstruction is released 
during the recovery period when the vessels in the 
other ear are dilated and blood pressure is very low, 
there is a resultant constriction of the vessels of the 
ear. The vascular reactions in the ears apparently 
are local in origin and are not a response to blood 
pressure changes in the large vessels or nervous 
stimuli. 


SCHWARTZ 


Breu, W.: Hemoptysis in Heart Disease. Arch. 
Kreislaufforsch. 14: 291 (June), 1948. 
Hemoptysis in heart disease occurs only if mitral 

stenosis is present. In the author’s material it was 
observed in 6 per cent of all patients with involve- 
ment of more than one valve and in 10 per cent of 
sases with isolated mitral stenosis. No concomitant 
pulmonary disease, pulmonary infarction, or pul- 
monary edema was present in the cases selected for 
study. The hemorrhage had a sudden onset and 
was profuse (100-500 ee.). It was seen only in fully 
compensated cases, i.e., with unimpaired function 
of the right ventricle. The trigger mechanism for 
the hemoptysis appeared to be some toxic damage 
of the vascular wall of the pulmonary tree, usually 
following an infection. 


Pick 


Bean, W. B., Cogswell, R., Dexter, M., and Embick, 
J. F.: Vascular Changes of the Skin in Pregnancy. 
Surg., Gynec. & Obst. 77: 739 (June), 1949. 
The subject of vascular spiders and palmar ery- 

thema as banal complications of pregnancy was 

studied in a series of more than 1000 pregnant 
women. The vascular spider consists of a body, 
legs, and surrounding erythema. The temperature 
over a vascular spider is higher than that of the 
surrounding skin because of the local increase in 
arterial blood. The distribution is primarily over 
the upper parts of the body, with the face, neck, 
upper chest, and arms frequently affected. Palmar 
erythema occurs if two distinct forms in pregnant 
women. The first variety, which is similar to the 

“liver palms” of chronic hepatic disease, begins as 

a diffuse redness most prominent in the proximal 

part of the hypothenar eminence and later in the 

thenar eminence. Subsequently the parts of the 
palm between the metacarpo-phalangeal joints de- 
velop red spots and the palmar pads of the finger 
tips become red. The red areas are sharply separated 
from the neighboring normal skin. The other variety 
is an exaggeration of the normal mottling of the 
palm and it involves the entire palmar surface with 

a speckling of pale areas a millimeter or more in 

diameter. 

In the present study vascular spiders were found 
in 66.6 per cent of all white women in the series and 
in 11.7 per cent of all Negro women at some time 
during pregnancy. Palmar erythema was observed in 
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62.5 per cent of white women and 35 per cent of 
Negro women. Both-conditions occurred either alone 
or in association with the other. On the basis of 
data obtained from a number of liver function tests, 
the authors conclude that the vascular lesions in 
pregnancy are not caused by hepatic malfunction. 
They appear to be found frequently as accompani- 
ments of normal pregnancy. The authors advance 
the hypothesis that these phenomena may be caused 
by hormones, possibly estrogenic substances. 
ABRAMSON 


Cooper, F. W., Jr., Elkin, D. C., Shea, P. C., Jr., 
and Dennis, E. W.: The Study of Peripheral 
Vascular Disease with Radioactive Isotopes. Part 
II. Surg., Gynec. & Obst. 88: 711 (June), 1949. 
The authors describe a method of studying pe- 

ripheral vascular disorders by the use of radioactive 

sodium chloride injected into the muscle of an ex- 
tremity. They studied the rate of removal of the 
material by means of an electromechanical device 
placed on the surface of the limb. This figure was 
found to be constant for any given individual. 

Patients with hyperthyroidism and hypertension 

demonstrated a rapid removal of the sodium, while 

in those with an advanced stage of thrombo-angiitis 
obliterans and arteriosclerosis obliterans, there was 

a retardation in the disappearance of the material. 

However, patients with a moderate degree of ob- 

literative vascular disease still showed a normal rate 

of removal. 

It is pointed out that in order to obtain constant 
results with this method, certain precautions must 
be taken. For example, the environmental tempera- 
ture and the humidity must be rigidly controlled, 
the extremities must remain motionless during the 
entire procedure, the material must be injected a 
constant depth into the muscle, and, preferably, the 
extremities should be elevated. Apprehension will 
influence the readings significantly. All these factors 
affect the practicability of the method. 

ABRAMSON 


Goetz, R. H., Ames, F.: Reflex Vasodilatation by 
Body Heating in Diagnosis of Peripheral Vascular 
Disorders. Arch. Int. Med. 84: 396 (Sept.), 1949. 
The authors contend that reflex vasodilatation 

produced by body heating is the most practical, the 

most reliable, and the only method for diagnosis of 
peripheral vascular disorders not fraught with dan- 
ger to the patient. Numerous other methods, includ- 
ing general anesthesia, spinal anesthesia, paraverte- 
bral block, the injection of typhoid bacilli or of 
sympathicolytie drugs, etc. are more difficult, more 
dangerous, and do not lend themselves to routine 
clinical examination, particularly in the patient’s 
home. The method used in this study consisted of 
continuous recording of the peripheral circulation 
with the Goetz optical digital plethysmograph. 
To obtain dilatation in the lower extremities, one 


arm was immersed in water to a point six inches 
above the elbow. The water temperature was kept 
constant at 45 C and vasodilatation was maintained 
for thirty minutes. 

Vasodilatation could not be obtained when the 
circulation through the immersed extremity was 
interrupted; it was obtained in the upper extrem ties 
by immersion of the feet in the case of patients with 
high transverse spinal lesions (involving the s xth 
thoracic segment). Therefore, reflex vasodilata: ion 
is dependent on the return of heated blood, w iich 
acts on the thermosensitive center in the hy po- 
thalamus, and the mechanism of reflex vasodilats ‘ion 
from body heating is therefore not nervous in or zin, 

The pressure required for occlusion of the art: rial 
circulation of the lower limbs by means of a cuff 
fixed on the thigh was considerably higher than ‘hat 
required for occlusion of the circulation to the |.and 
with a cuff above the elbow. This fact frequently 
causes failure to keep the circulation through the 
lower limbs oecluded and is considered the main 
reason why some investigators, having obtained 
reflex vasodilatation on immersion of a limh in 
which the circulation was thought to be occluded, 
have proposed a nervous reflex as the mechanisi of 
vasodilatation. 

BERNSTEIN 


Ambrose, A. M., and DeEds, F.: Further Observa- 
tions on the Effect of Rutin And Related Com- 
pounds on Cutaneous Capillaries. J. Pharmacol. 
& Exper. Therap. 97: 115 (Sept.), 1949. 

The exact mode of action of rutin on capillary 
permeability is not known. The best tentative ex- 
planation of rutin’s ability to decrease the escape of 
trypan blue is that it has an antioxidant action 
toward epinephrine which permits a more prolonged 
action and actually higher blood levels of epi- 
nephrine. This in turn produces an increase in tonic- 
ity of the precapillary sphincters, a decrease in 
the total capillary bed, and therefore a decrease in 
the number of channels through which trypan 
can escape. 

By using the trypan blue escape time on exposed 
irritated skin, the ‘“rutin-like” action of compounds 
may be roughly assayed. Quercitrin, methyl hes- 
peridin chalcone, sodium hespiridin chaleone and 
hesperidin acid phthalate were assayed by this 
method and all were found to have a distinet action 
in prolonging the trypan blue escape time. 

GODFRE} 


Goldman, M. L., and Schroeder, H. A.: Coarctation 
of the Aorta. Am. J. Med. 7: 454 (Oct.), 1949. 
This report presents the combination of phot 

electric plethysmography and direct measureme: 

of arterial blood pressure as an aid in the diagno- = 
and location of coarctation of the aorta. Fourte: 

cases of coarctation of the aorta were studied usi' 4 

two photo-electric plethysmographs to compare 
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mi taneously the relative blood flow in the ear lobes, 
fincers, scrotum or toes. A Hamilton optical manom- 
etc recorded direct arterial blood pressure simul- 
taneously, as well as the contour of the pulse. It 
is} ointed out that in severe coarctation the femoral 
pre-sure is often not obtainable by the auscultatory 
meifiod, and in the less severe cases a falsely high 
fenioral pressure may be recorded. Direct arterial 
puncture establishes the true value and makes pos- 
sibl: the ready diagnosis of milder cases of coare- 
tation. Confirmatory evidence is obtained with 
plei iysmography. 

ln the eases studied by the authors there was 
evidence that both mechanical and humeral factors 
may operate to elevate blood pressure in coarcta- 
tion. Thus, diastolic hypertension in the legs, which 
is usually aecepted as evidence of generalized ar- 
teriolar constriction, was present in 2 patients. One 
of them showed a lesion just above the renal ar- 
teries. A low magnitude of the pulse similar to that 
seen in generalized hypertension which is evidence 
for generalized vasoconstriction, was present in 4 
cases. On the other hand, the finding in 8 eases of a 
pulse wave in the upper part of the body higher 
than that seen in either patients with uncomplicated 
hypertension or in normal subjects was evidence for 
the presence of a mechanical factor. 

It is coneluded that the methods used in this 
study are an aid not only in locating the coarctation 
but also in evaluating the suitability of patients 
for surgery by determining the degree of coarctation 
and the extent of collateral circulation. 

SCHWARTZ 


Steinberg, I., and Dotter, C. T.: The Differentiation 
of Mediastinal Tumour and Aneurysm: Value 
of Angiocardiography. Brit. J. Radiol. 22: 567 
(Oct.), 1949. 

The value of angiocardiography as an effective 
method for differentiating aneurysms from other 
space-occupying lesions of the thorax is illustrated 
hy four cases: an extracardiac dermoid cyst with 
calcified margins simulating aneurysm of the as- 
cending aorta; a saccular aneurysm with pulsation 
prevented by thrombus formation; an aneurysm 
of the descending aorta and a left lower lobe atelee- 
tasis produced by it; two aneurysms one of which 
Was not filled probably because of its small orifice. 
Vist lisation of the intact cardiovascular structures 
in petients with mediastinal masses rules out the 
prescnce of aneurysm, whereas opacification of a 
saccilated or fusiform structure is pathognomic of 
aneirysm. Rarely, aneurysms with narrowed chan- 
nels or completely clotted lumina may not opacify. 
In sich instances it may be helpful to find collateral 
evidence of aortic abnormality. 

- SCHWEDEL 


Ki nonth, J. B., Simeone, F. A., and Perlow, V.: 
actors Affecting the Diameter of Large Arteries 


with Particular Reference to Traumatic Spasm. 

Surgery 26: 452 (Sept.), 1949. 

The authors studied the subject of experimental 
traumatic spasm of large vessels, using the exposed 
femoral artery of rabbits or cats. It was found that 
spasm of the femoral artery produced by mechanical 
trauma to the vessel did not affect the limb volume 
of the paw unless the spasm extended sufficiently 
far along the artery to include the openings of 
branches. A rise in systemic blood pressure, regard- 
less of the means utilized to produce the change, 
was attended by an increase in diameter of the 
femoral artery, while a fall resulted in a shrinkage 
in the vessel. These alterations occurred in the 
limb with the systemic nerves intact as well as in 
the limb with the sympathetic nerves removed. 

The results did not support the concept that 
there was a nervous motor control of the large ar- 
teries. On the contrary it appeared that the caliber 
of these vessels followed passively the systemic blood 
pressure. 

ABRAMSON 


Hill, E. J.. Hammer, J. M., Saltzstein, H. C., and 
Benson, C. D.: Tetraethylammonium Chloride 
in Experimental Vascular Injuries of Limb, Bowel 
and Heart. Arch. Surg. 59: 527 (Sept.), 1949. 
The authors attempted to determine whether es- 

tablishment of collateral circulation following ex- 
perimental injury to a major blood vessel would be 
enhanced by the use of tetraethylammonium chlo- 
ride. For this purpose they ligated and sectioned the 
abdominal aorta in dogs and followed the clinical 
course in both untreated control animals and in 
animals receiving this drug. Another study was done 
to determine the effect of tetraethylammonium chlo- 
ride on the mesenteric and coronary blood vessels. 

After ligation of the abdominal aorta, most of the 
untreated dogs showed paralysis of the hindlegs and 
subsequently gangrene of the extremities. In the 
group of animals receiving the drug, there was a 
notable absence of paralysis, cyanosis and weakness 
of the limbs. All but 4 dogs showed no residual or 
immediate effects from ligation of the abdominal 
aorta. In the remaining cases, 2 showed gangrene ' 
and 2 died of conditions unrelated to the experiment. 
No favorable effect was observed from the adminis- 
tration of the drug in the ease of ligation of the main 
stem mesenteric vessel; the same was true when the 
small vessels of the bowel were ligated. In fact, in 
the latter instance, the drug produced an unfavor- 
able result. 

It was concluded that tetraethylammonium chlo- 
ride appears to be of value in certain injuries of 
peripheral vessels, but that it is not indicated for 
the removal of vasospasm in thrombosis of the 
mesenteric artery or in mechanical intestinal ob- 
struction. Its use in involvement of the coronary 
arteries is questionable. 

ABRAMSON 
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OTHER SUBJECTS 


Hoobler, S. W., Malton, S. D., Ballantine, H. T., 
Jr., Cohen, S., Neligh, R. B., Peet, M. M., and 
Lyons, R. H.: Studies on Vasomotor Tone. I. 
The Effect of the Tetraethylammonium Ion on 
the Peripheral Blood Flow of Normal Subjects. 
J. Clin. Investigation 28: 638 (July), 1949. 
Tetraethylammonium chloride (TEAC) blocks 

sympathetic and parasympathetic impulses at the 
autonomic ganglia. When 500 mg. were given in- 
travenously it significantly increased the blood flow 
to the feet in normal subjects and produced vaso- 
dilatation in the hand in seven out of eight instances. 
Cireulation in the forearm and calf was increased 
only slightly. Digital skin temperatures were in- 
creased. The compound did not produce vasodilata- 
tion after an extremity had been sympathecto- 
mized. Therefore, its vasodilator action is the result 
of the inhibition of sympathetic vasocontrictor tone, 
and not the result of any direct action on the blood 
vessels. Since lumbar paravertebral block is about 
twice as effective as TEAC in increasing blood flow 
to the foot, the dosage of TEAC usually used may 
not cause complete sympathetic blockade. The in- 
crease in blood flow to the foot of normal subjects 
as a result of TEAC administration was much 
greater than that produced by aminophyllin, Papa- 
verine, nicotinic acid, and nitroglycerin and slightly 
greater than the vasodilatation resulting from pro- 
longed body heating. WaAIFE 


Glenn, F., Keefer, E. B. C., Dotter, C. T., and Beal, 
J. M.: Observations on Experimental Aortic 
Anastomosis. Proc. Soc. Exper. Biol. & Med, 
71: 619 (Aug.), 1949. 

This report is based on observations made upon 3 
dogs that were subjected to an end-to-end anaston.o- 
sis of the thoracic aorta at the age of 6 weeks, and 
then studied approximately one year after operat 
by angiocardiography. 

Femoral pulses were palpable in all 3 anim: |s, 
The angiocardiographic studies revealed in e:c¢ 
animal a definite narrowing at the site of the ans 
tomosis. There was no evidence of compensat 
collateral circulation in any case. 

One dog was subjected to thoracotomy 11 days 
after the angiocardiographic studies and the area of 
constriction was readily visualized. The diameter of 
the aorta appeared to be approximately the same 
above and below the site of stenosis. The lumen of 
the anastomotic site was larger than the lumen of the 
aorta had been when the dogs were 6 weeks of age. 

These experiments revealed that although the 
dogs were under 5 pounds in weight and less than 8 
weeks old at the time of operation, there were no 
technical mishaps as a result of the anastomosis. 
On the other hand, it appeared that the diameter of 
the lumen at the site of the anastomosis in these dogs 
did not keep pace in growth with the rest of the 
aorta. Therefore, possibly, the operation for coare- 
tation should be deferred until the lumen is large 
enough in diameter to insure adequate size as the 
individual grows to maturity. Mintz 
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TRAINING COURSE FOR CARDIO- 
VASCULAR INVESTIGATORS 


The training course for cardiovascular in- 
vestigators, sponsored jointly by the American 
Heart Association, U.S. Public Health Service, 
and Western Reserve University School of 
Medicine, will be offered in the Department of 
Physiology for the second time, July 1, 1950- 
June 30, 1951. Professor C. J. Wiggers will be 
in personal charge. The course will consist of 
formalized training methods used in cardio- 
vascular research, assisting experienced investi- 
gators with current research, independent re- 
search under supervision, and experience in 
the preparation of a manuscript. 

Postdoctorate candidates accepted for train- 
ing will be recommended to the U. 8S. Public 
Health Service for a research traineeship carry- 


ing a stipend ranging from $3,000 to $3,600 per 
annum, depending on the candidate’s marital 
status. A maximum of ten trainees can be 
accepted. 


For information and application blanks, ad- 


dress Dr. C. J. Wiggers, Program Director, 
Western Reserve University School of Medi- 
cine, Cleveland 6, Ohio. 


ELECTIONS HELD BY MEXICAN 
SOCIETY OF CARDIOLOGY 


Dr Manuel Vaquero has been elected Presi 
dent of the Mexican Society of Cardiology. Th: 
other newly elected officers, who together wit! 
Dr. Vaquero make up the Board of Directors 
are; Dr. Demetrio Sodi Pallares, Vice-Presi 
dent; Dr. Mario Vizcaino, Secretary, and Di 
Armando Cuellar, Treasurer. 





